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ABSTRACT 
The effects of thresholdless convection on capillary-
reservoir diffusion experiments foi- liquid metals are math­
ematically modeled and numerically solved, Thresholdless 
convection is found to be bounded by the two dimensional 
diffusion equation when no convection is present and by the 
one dimensional diffusion equation when infinite convection 
is present. 
The commonly used average concentration equation, 
is found to be applicable when the following constraints are 
met; the aspect ratio (L/D) is greater than 50; the reservoir 
to capillary diameter ratio is 25» the reservoir to capillary 
height ratio is 1; and C is between 0.8 and 0.4. Inter-
diffusion studies should operate under these restraints. 
For aspect ratios less than 50 and the remaining condi­
tions above satisfied, the following approximation is appli­
cable for self-diffusion studies: 
c 
oO 
C 
where ol^ are the roots of 
tan ( oLn) = 
V 
and 
p = 2.0602 (L/U)1'4059 
The above results take into account the build up of diffusate 
at the open end of the capillary and hence eliminate the need, 
for stirring. Also, the results are applicable to all liquid 
systems and are not restricted to liquid metal systems. 
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INTRODUCTION 
Precise knowledge of a liquid metal diffusion coeffi­
cient is necessary to predict many liquid-liquid interactions 
and separations. Some examples include zone refining, slag-
metal interactions, diffusion controlled corrosion audi sepa­
ration of radioactive wastes by liquid metal contacting. 
In 1896, the brilliant Roberts-Austin (25) was the first 
to apply the capillary-reservoir technique to the determi­
nation of liquid metal diffusivities. Today, extensive use 
is made of this technique. 
In the capillary-reservoir technique, a capillary, which 
is sealed at one end, is filled with a metal or alloy of 
known concentration* The experiment begins when contact is 
made between the capillary and a reservoir of known concen­
tration; it is terminated after a sufficient time by separa­
ting the two. The capillary is analyzed for an average 
concentration of the desired component. Prom a knowledge of 
the length of the capillary, the average concentration and 
the time duration of the experiment, a diffusion coefficient 
is calculated^ 
Calculations are based on an isothermal, constant 
density and diffusivity, one dimensional diffusion modisl. 
Inherent in the model is the assumption that the open end of 
the capillary is always maintained at the constant reservoir 
concentration throughout the experiment. The calculation of 
2 
the diffusion coefficient is based upon the following formu­
la ; 
where n -o 
I exP (- (2n + i)Vl74-) 
2 ^ ' (1) ( 2 0 + 1 )  
C = B = dimensionless concentration 
Co - Cr 
= dimensionless time T = 
t = time duration of the experiment 
L = length of the capillary 
^ = diffusivity 
^ = average concentration of component A or B after 
diffusion (molar units) 
Cg = initial average capillary concentration of 
component Â or B (molar units) 
Cr.= initial average reservoir concentration of 
component A or B (molar units) 
A derivation of Equation 1 is presented in Carslaw and 
Jaeger (2, pp. 99-101). The above represents the common 
point of departure for capillary-reservoir experiments. 
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PREVIOUS WORK 
One point should be obvious from the introduction;: the 
choices of dimensions and experimental conditions under which 
capillary-reservoir experiments are conducted are not 
precisely defined. 
Capillaries have been positioned with the open end up 
and down by Grace and Derge (7), horizontal by Leak and 
Swalin (l4) and inclined from the vertical by Ma and Swalin 
(17). Diffusion times of 63.5 hours were used by Hoffman 
(11); Ma and Swalin (17) chose 0.5 to 3 hours. 
The size of the reservoir has been of little concern to 
the experimentalist and has seldom been reported. Capillary 
diameters have generally been less than 2 mm, as pointed out 
by Edwards et al. (4). The effect of the capillary diameter 
on the diffusivity was experimentally investigated by 
Mirshamsi et al. (20) and by Davis and Fryzuk (3) who found 
no effect and by Rohlin and Lodding (26) who found an effect. 
Aspect ratios (the ratio of the capillary length to 
diameter) have varied over a large range. Yang et al. (33) 
used aspect ratios approximately ranging from 4.5 to 15; 
Rothman and Hall (27) used 6 to 8; Meyer (19) used 65 to 90; 
Grace and Derge (7) used 9 to 10; Dfevis and Fryzuk (3) used 
25 to 50; Henderson and Yang (9) used 7 to 12; Mirshamsi 
et al. (20) used 12.5 to 50; Hesson et al. (lO) used 6 to 7; 
and Lodding (I6) used ratios greater than 100. 
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Several corrections and observations have been made on 
Equation 1. Talbot and Kitchner (30) presented a correction 
for slightly tapered capillaries. Hesson et al. (10) showed 
the sensitivity of the diffusion coefficient to the concen­
tration change. Gergely e^ al. (5) approximated the accumu­
lation of diffusate at the open end of tho capillary for 
aspect ratios greater than 50; their results agreed approxi­
mately with the experimental results of their co-workers, 
Lengyel e_t al, (1$). Ras tas and Kivalo (24) developed a 
procedure to account for the uncertainties developed during 
the immersion of the capillary in the bath. 
One difficulty in the capillary-reservoir technique has 
been the inability to maintain the mouth of the capillary at 
the reservoir concentration. The method frequently employed 
to overcome this difficulty has been stirring in the reser­
voir. Stirring may remove some diffusate at the mouth of the 
capillary and thereby shorten the effective length of the 
capillary; this effect is known as the effect of mixing. 
Rotation speeds have ranged from 250 rpm used by Rothraan and 
Hall (27), to no stirring used by Davis and Fryzuk (3). 
Nanis e_t al. (22), Kassner ejt al. (12) and Rastas and Kivalo 
(24) have studied the effect as a function of the rate of 
rotation. Kassner e^ al. (12) determined that rotations of 
0 to 1 rpm yielded the same diffusivity as no rotation; they 
decided to operate at 0.1 rpm. Nachtrieb (21) has suggested 
using 6 to 8 cm capillaries to minimize the end effects. 
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Another difficulty encountered in capillary-reservoir 
experiments has been natural convection which arises from 
unstable temperature and density arrangements. Verhoeven 
(31) has shown that convective transport is a factor at 
relatively small (> 1,000 ppm) density gradients or at rela>-
tively large (> 100°C) temperature gradients in the capil­
lary, He has also concluded that the only stable position 
for the capillary is vertical. Powers (23) and Stahlhut. (29) 
have studied the effects of convection as a function of 
capillary dimensions and density gradients. Unknowingly 
Grace and Derge (6) also have studied convection. 
One variation of the cylindrical geometry capillary-
reservoir system has been introduced by Mangelsdorf (l8). 
He utilized a slit geometry which he claimed was superior to 
the cylindrical system. One unique variation of bringing 
the capillary and reservoir into contact has been used by 
Powers (23)f Stahlhut (29) and Venger (32). They slid the 
reservoir over the capillary. 
The above material is by no means all inclusive, rather 
it is a sampling of the present state of the art of the 
capillary-reservoir technique. In view of the variations, it 
is not surprising to find deviations of — 100 % in the diffu­
sion coefficients, Edwards et al » (4 ) believe 1100 fi is too 
conservative. 
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DEFINITION OF THE PROBLEM 
The goals of this work are fourfold: first, to account 
for the build up of diffusate at the open end of the capil­
lary; second, to determine the role played by geometry; 
third, to determine the differences between self and inter-
diffusion studies; and fourth, to develop conditions and 
equations which incorporate all the above developments* 
The reason for stirring is to maintain the open end of 
the capillary at the reservoir concentration. Stirring 
effectively shortens the length of the capillary; this effect 
is called the AX effect of mixing and is determined experi­
mentally. Since the A/^ effect is a function of the fluid's 
viscosity and density and the system's geometry, every 
precise measurement of diffusivity using stirring must 
involve a separate determination of the effect. 
Furthermore, since every experiment requires a system of 
known diffusivity, each separate determination for ùi. is 
futile since the diffusivity is the term sought. In addi­
tion, there is no guarantee that the effect is the only 
hydrodynamic effect occurring. 
If the two dimensional diffusion equation is solved 
considering both capillary and reservoir, there is no need to 
assume a boundary condition at the mouth of the capillary. 
This problem cannot be solved analytically; a numerical 
computer solution is used. Obviously, a computer code 
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suitable for studying one geometry can quite easily be used 
to study variations in geometry. 
In self-diffusion studies, a radioactive isotope mixed 
with a non-radioactive isotope of the same element is 
allowed to diffuse into a non-radioactive, reservoir of the 
same element. The relSactive radioactive intensities of the 
radioactive element both before and after diffusion are used 
to calculate the self-diffusivity. The density differences 
between the isotopes is negligible when considered on a mass 
transfer scale* The half life of the radioactive species 
may present an investigator with a difficult problem. A' 
short half life (less than a half day) racquires thai; the 
time of the experiment be short (less than a dây) so that 
the counting Information is meaningful. In practice this 
means a capillary of relatively short length. 
Inter-diffusion studies involve the diffusion of one 
element or alloy into another element or alloy. In inter-
diffusion studies there is roughly a 5 to 10 weight per cent 
difference between the elements in the capillary and reser­
voir. Some determining factors of the weight per cent 
difference are the requirements for analiyslis and the volume 
changes which occur on mixing. 
Self-diffusion represents a pure diffusion case where 
natural thresholdl&ss convection is absent. Naturail thresh-
oldless convection, as described by Verl^oeven (31), is 
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caused by the denser material in the capillary diffusing into» 
the reservoir and thereby creating a horizontal density 
gradient. Gravitational forces, in addition to diffusion, 
act so as to eliminate the gradient. Since the system is 
stable, there is no critical threshold to initiate convection* 
Hence, the terra thresholdless convection is appropriate. 
Inter-diffusion must be accompanied by thresholdless convec­
tion since a density difference exists between capillary and 
reservoir. The maximum effect this convection can have on 
inter-diffusion studies is not known; the minimum effect is 
the case of self-diffusion. Again, the problem of natural 
thresholdless convection cannot be solved analytically and a 
numerical solution is used. 
The argument will now be developed along two separate 
lines. The first will deal with locating the maximum of 
thresholdless convection. The second will' utiliize this 
information to attain the desired four goals. 
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THE CONVECTION PROBLEM 
Analytical Presentation 
The development which follows is based upon material 
presented in Bird e_t al. (1). Some notation has been 
changed to fit the present situation. No attempt will be 
m ade to prove minor points which are prsented in Bird et al. 
(1) or commonly found in the literature. 
Free convection in an isothermal binary mixture of 
constant viscosity, , and dif fusivity, , can be consid­
ered when the range of composition variation is small. This 
implies that the mass density, f> , of the mixture is approxi­
mately constant. Further it ia assumed that the density 
variation may be expressed to a good approximation by the 
first two terms of a Taylor series expansion. Expanding 
about some reference mole fraction Xao yields : 
( 3 >  
where ^  is the coefficient of volume expansion and ia 
defined by: 
(3) 
With these restrictions, the equations of change are; 
(continuity) (4) 
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(continuity of A) DXa _ C\ (5) 
IStT ~ 
^vV-^S9(x,-x„) 
n 
where is the substantial derivative, \7 is the gradient 
D"C — 
operator, is the Laplacian operator, V is the velocity 
vecto».j is the mole fraction of component A, g is the 
gravitational acceleration and t is the time. 
It is convenient to make the above equations dimension-
less; to this end define: 
W* V D.p 
V  =  = — =  d i m e n s i o n l e s s  v e l o c i t y  v e c t o r  
ti* - = dimensionless time 
PD^ 
X )Y gZ = ^ = dimensionless coordinates 
L/| W; 
Cn =. s dimensionless concentration 
S C  s r  — =  S c h m i d t  n u m b e r  
GR = P ^  9 C^Ai-Xfto^a! Grashof number 
where D, and are a characteristic linear dimension and 
a characteristic concentration difference respectively. 
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Now, multiply Equation 4 by D^p//JL , Equation 5 by 
p Di //^CXai ~ )C/\o) , and Equation 6 by D?P/>LL^ , invoke the 
definitions of the preceding paragraph and obtain the 
equations of change in the following dimensionless form: 
(continuity) 0 (7) 
(continuity of A) D _ I (8) 
or ' sc 
(motion) -CftGR-L <9) 
D'V - 9 
where \7 and are the dimensionless gradient and Laplacian 
respectively. 
Two important simplifications can be obtained from the 
above equations. First, the velocity vector can be resolved 
into the following; 
'  ( u ,  
where V and U represent the vertical and horizontal dimen­
sionless components of the velocity respectively. Resolving 
Equation 9 into its component equations yields; 
DV = + CftGR 
DC 
(10) 
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Take the ^ o f  E q u a t i o n  1 1  a n d  s u b t r a c t  i t  f r o m  ^ —  o f  
3X 
Equation 10 to obtain: 
& ( # -  I t )  =  +  
For simplicity the vorticity is defined by: 
0 - _ 3U 
JT 
(13) 
Putting 13 into 12 yields; 
^ = VV + % GR (14) 
Second, a new variable, the stream function ^ , is introduced 
so that the continuity equation is always satisfied, 
is defined such that: 
# = U (15) 
9 I 
and 
- - V (16) 3X 
The vorticity is expressed in terms of the stream function 
as follows: 
(p ' ^ - 211 - (17) 
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The initial conditions for the continuity of mass may be 
expressed by: 
Cft(XiYjO) = 1 in the capillary (l8) 
=0 in the reservoir (19) 
The boundary conditions are satisfied when the mass flux in a 
perpendicular direction, H , to any solid boundary is zero or 
= o (20) 
0 n 
The stream function boundary condition on any surface 
may be derived from the condition U-V=0 on any surface. 
y =\/= 0 implies ^ = ^ = 0 . ^^ = 0 can be integrated to 
3Y 3 Y 
V(Oy^) = constant along a boundary at X=0 . This constant 
may have any value as long as the same value is used on all 
surfaces. For simplicity the value of zero is chosen. 
Therefore, the boundary conditions for the stream function 
xs : 
V = o 
3" (21) 
where h is the direction normal to the surface. The initial 
condition of is taken to be zero, since initially there is 
no fluid motion or; 
V(X,Y,0) = O ( 2 2 )  
14 
The initial condition of cj) ia taken to be zero for the 
same reason given for the stream function or: 
0 ( X , Y , O )  =  O  ( 2 3 )  
No actual boundary conditions exist for the vorticity 
equation. However, boundary values of the vorticity can be 
expressed in terms of the stream function which will be shown 
when the boundary conditions of the finite difference approxi­
mation are presented. 
Before summarizing the final statement of the problem 
some important remarks are in order. When the velocity 
vector was resolved into two components, the problem became 
a two dimensional problem. Note also that for a Grashof 
number of zero the problem reduces to an ordinary two dimen­
sional diffusion equation. In summary, two dimensional 
diffusion with convective effects may be described mathemat­
ically by: 
(continuity of A\) 
= (24) 
(vorticity) 
15 
(stream function) 
(26) 
with initial conditions:; 
Cft(X,Y,0) =1 in the capillary (27) 
CflCX^Y^O) -0 in the reservoir (28) 
VU.Y,0)rO (29) 
^ (X,Y*0) = 0 (30) 
U (X,Y,o) = VCXjYjO) - o (JI) 
and boundary conditions at any solid surface 
u = V ~ y = = Q (32) 
3n 
where H is the direction perpendicular to the surface. 
Equations 24 thru 32 constitute a formal definition of the 
problem. 
l6 
Numerical Presentation 
Finite difference solutions should be conceived mentally 
as experiments. Although they do not provide the satisfac­
tion obtained from exact analytical solutions, they do 
provide a wealth of information as scattered data points 
which can promote a fundamental understanding of the phenom­
ena being studied. A broad practical experience can be 
derived from a numerical experiment. Insight, which previ­
ously would have taken years to acquire, can be obtained by a 
glance at the graphical results of a numerical solution. 
Before a finite difference approximation is established 
it is useful to have a clear idea of the region over which 
the solution is to be obtained. Figure !> satisfies this end. 
The choice of the shape of the system is based on the 
capillary-reservoir apparatus used by Powers (23) and 
Stahlhut (29) at room temperatures and by Wenger (32) at 
300°C. Implicit in this figure and also the preceding 
section is a rectangular coordinate system. The reason for 
this choice is one of practical expedience. Convergence and 
stability in a rectangular system are well documented)whereas 
in a cylindrical system they are not. Also, boundary 
conditions in a rectangular system are usually exact whereas 
in a cylindrical system they are often approximations which 
may or may not lead to an unstable solution. 
Obviously from Figure 1 advantage of symmetry is taken. 
There is some ambiguity concerning the boundary conditions 
17 
LI 
D! 
2 
i-U 
GRID NOTATION 
ij+l 
i j  i + l , j  
i.j-l 
D. 
2 
'L 
CAPILLARY 
Y 
* I 
RESERVOIR 
Figure 1 Geometry used in convection calculations 
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along the centerllne* These conditions are: 
0 ((^1 'C) = O (33) 
V =0 (34) 
^Cft c 0 (35) 
3n 
U(Ct^tr)-0 (36) 
^ o (37) 
Tn 
These boundary conditions were developed by not assuming 
symmetry in the solution of Equations 2k thru 32. In other 
words, for a system like Figure 1 plus its mirror image 
Equations 24 thru 32, in which no assumptions occurred 
concerning the centerline, were solved for several cases; the 
above boundary conditions were noted and advantage of these 
conditions was taken for all remaining calculations• 
Thus far the choice of a rectangular system embodying 
half the reservoir and capillary has been postulated. Now 
the types of finite difference approximations to be used must 
be selected. The method of finite differencing used is taken 
from Samuels and Churchill (2d) who concerned themselves with 
a similar type problem. For a review of the current status 
of finite difference techniques employed in solving hydro-
dynamic problems see the annotated bibliography of Harlow (8)# 
Basic finite difference terminology and practices may be 
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found in Lapidus (13). 
The vorticity and continuity of mass equations, bo.th of 
which are parabolic, are solved by an explicit finite differ­
ence formulation. The basic reason for this choice lies in 
the fact that all the boundary conditions are known a.t each 
step. The stream function equation is elliptic and the 
method of successive overrelaxation is utilized! in its 
solution. 
The following finite difference formulations are applied 
to the vorticity and continuity of mass equations: 
(continuity of A) 
CACsi>n^>VCaCHi.n) , _i_ C + Sy C,(L,J,n) 
(38) 
(vorticity) 
_ GR§xCft(s5»n+0+ 
A'C 
(39) 
where : 
2 
8)( is the central difference operator and is defined 
by 
(40) 
where indices U and j locate a point in the region of 
20 
interest and represent the X coordinate direction and the 
V coordinate direction respectively. AX is the spacing 
between two points in the X direction* A similar definition 
is used for Sy; 
is either a forward or backward difference defined 
by: 
S  9 6  +  l ( t ; =  f o r w a r d  d i f f e r e n c e  ( 4 l )  
* ' AX 
j ) =  ^ 9 ^ ^  =  b a c k w a r d  d i f f e r e n c e  ( 4 2 )  
^ AX 
where the L and J are defined as above; 
index 0 refers to the time step previous to the n+l 
time step; 
and. iX is the spacing in the time step* 
The choice of either a forward or backward)difference is 
based upon the following criterion: if or 
^ O forward difference must be used for Sx or respec­
tively; if U(trJ»r») or \] {11^% a backward difference must 
be used, for or Sy respectively. A central difference willi 
not work in either case. The in the vorticity 
equation is expressed by a forward difference* 
The above equations are stable and convergent only if : 
. |Ua,WI 
\ âx^ AY2- ^ AY (43) 
Thus far, the solution proceeds as follows. AX andi 
21 
AY are chosen and At is calculated by Equation 43 « since 
the initial values of the velocity are zero. Equation 38 is 
used to advance the dimensionleqs concentration one time step 
for all interior points. Initially Vn) and 
are zero everywhere and CrCs-ÎsH) is zero; in the reservoir 
and one in the capillary* For on a boundary. Equation 38 
can be simplified to; 
= Ic C,(U.n)+S;Q(W,n)) 
On a solid boundary or or possibly both can be 
further simplified by use of the zero flux condition in a 
direction perpendicular to the boundary; e.g. for a boundary 
with X as the perpendicular direction: 
Sfç CL<]*n) = 0 - (^ Cft 1,^ 901^ /2AX 
or> CA(^-UJ9n) - CflCc+l, j,n) (45) 
where is now the central difference operator. A similar 
result is obtained for Sy , When Equation 44 is used a,ti a 
solid boundary, a point will be called upon which does not 
exist in the region of the problem. It will be one spacing 
away from the boundary. Equation 45 is used to interpret 
this outside point in terms of one inside the boundary. 
Once Equations 38 and 44 are usedi in advancing the dimension-
less concentration one time step. Equation 39 is usedi to 
advance the vorticity one time step for all interior points. 
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Note that the vorticity is not solved for on the boundary. 
Again, the reason for this will be given shortly. 
The stream function equation is written in finite 
difference notation as: 
^ (46) 
Equation 46 is solved by the common method of successive 
overrelaxation for all the interior mesh points. Note that 
+ is known to be zero on all solid boundaries and 
that 0fC,J»OfO need not be known on the boundaries. This is 
the primary reason for ignoring the boundary values of the 
vorticities up until this point. Once the values for the 
stream function have converged to a solution, the boundary 
vorticities may be calculated as follows. For simplicity 
consider a wall along X= 0 . The stream function boundary 
conditions are = where I and J are on the 
boundary. is zero and is calculated by a 
Taylor's series expansion: 
3X -^X^- (47) 
where the series is truncated after three terms. Incorpor­
ating all the above information into Equation 46 yields; 
3 X" AX^ (4°) 
Similar relations are obtained at the other boundaries. 
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According to Samuels and Churchill (28), fourth-order 
approximations to the velocities give significantly better 
results than second-order approximations. Therefore, fourth-
order central differences are used in the determination of 
and V(WJg nf i) . 
For points not adjacent to a boundary the fourth-order 
approximation to L is : 
\ / 
" IZAX (49) 
A third-order approximation to o) for a point 
3% 
adjacent to a boundary is : 
iSiy -VCôf2,i»n) 
9X ' èûX 
(50) 
Similar expressions are used for the U velocity. Once the 
stream function is available, equations similar to 49 or $0 
are used to calculate the new velocities over the entire 
region. Of course, on the solid boundaries the velocities 
are zero. 
The ultimate goal of all the above calculations is to 
arrive at the average dimensionless concentration in the 
capillary as a function of time. To this end, the average 
dimensionless concentration in the capillary, G « is 
calculated by ; ' 
24 
dA _ ^ ^ aXAV 
j d A  "  A  
where A is the area of the capillary and W(sj) is a weight 
function of the incremental aXaY area. 
The entire numerical solution is now outlined: 
step (1); the continuity of mass equation is advanced one 
time step for the entire region; 
step (2); the vorticity equation is advanced one time step 
for the interior of the region based upon the 
values obtained in step (1); 
step (3): the stream function for the entire region is found 
based on the vorticities of step (2); 
step (4): the wall vorticities and the velocities for the 
entire region are obtained from the stream function 
found in step((3); 
step (5): steps one through four are repeated for each time 
step. 
Thus, the discussion of the numerical solution is concluded. 
Results of Convection Calculations 
The results for the convection calculations are 
presented in Figures 2 and 3» The average dimensionless 
concentration is plotted as a function of dimensionless time. 
The equations, without boundary or initial conditions, used 
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1.00 
sc=i0.0 
l/d =1.25 
0.90 àr SC \Jx 
0.80 
070 
iGR"\6R«\6R« \GR« 
\IO®\lO^\IO^ \io 
_ SC a Y2 
0.0 0.4 0,8 
Figure 2. Results of convection calculations for SC = 10 
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.00 
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1 V' ^ 
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V 
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Figure 5« Results of convection calculations for SC = 50 
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in the calculations are indicated; the Grashof numbers used, 
in the convection calculations are also indicated. A sample 
computer output for one point on the c vs » 'C7 graph and the 
numerical parameters may be found in Appendix A, 
These graphs clearly show the minimum and tnaximusa 
effects of thresholdlesa convection. The minimum effect is 
the solution of the two dimensional diffusion equation, as 
was previously mentioned. The surprising fact is that the 
maximum effect of thresholdless convection is represented by 
the solution of the one dimensional diffusion equation with a 
zero dimensionless concentration at the open end (Equation 
1). This latter point will be examined further, but first a 
consideration of conservation of momentum. 
There is information which can be expected of the 
results obtained. Since the system has been assumed to be of 
a nearly constant density, conservation of momentum means 
velocities must be conserved. Slicing the system along a 
plane of constant X orY and integrating the perpendicular 
velocities over the entire length should produce a zero 
result. Figures 4 and 5 are examples of this behavior. This 
same result has, within the bounds of numerical error, been 
found for numerous cases; no exceptions have been found. 
If the limit of natural thresholdless convection is the 
one dimensional solution with a zero boundary condition, a 
trend towards this end should be most observable from the 
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Figure 4. Conservation of momentum in the horizontal 
direction 
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Figure 5. Conservation of momentum in the vertical direction 
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numerical calculations at the mouth of the capillary because 
the concentration gradients here are the greatest. Figure 6 
demonstrates this point. Note that as GR increases —^TvP-
o A 
approaches zero and decreases. Although it is only 
demonstrated at the capillary mouth, increasing GR nunibers 
tend to reduce to zero everywhere. The significasice of 
this fact is that once is zero, the diffusion equation 
and the Navier-Stokes equations become uncoupled; the only 
remaining equation is the one dimensional diffusion equa.tion 
which Figures 2 and. 3 show. 
To have some understanding of why the zero boundary 
condition of the one dimensional solution is approached in 
the limit by thresholdless convection, consider the horizon­
tal velocity profile near the mouth of the capillary. First 
consider Figure 7 which shows the horizontal velocity profile 
as a function of Grashof number. Next consider Figure 8 
which shows the horizontal velocity profile at the mouth and à 
àV spacing above the mouth. As the Grashof number increases 
the horizontal velocity at the mouth of the; capillary 
increases; the horizontal velocity in the reservoir also 
increases and has a greater absolute magnitude than the 
velocity in the capillary. The velocity at the mouth of the 
capillary spreads the concentration over the diameter of the 
capillary, whereas the velocity in the reservoir spreads the 
concentration over the length of the reservoir. The net 
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32 
.00 
T=0.60 
SC = IO 
Y = 0.50 
0.80 — 
GR«I0 
0.60 
0.40 
0.20 
GR=IO 
0.00 
0.00 005 0.10 0.15 0.20 
x 
Figure 7. Horizontal velocity profile at capillary mouth 
X= 0.2 at outer wall of the capillary 
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effect is the concentration profile in the capillary becomes 
horizontal (as Figure 6 shows) and in the reservoir becomes 
horizontal and diluted over the length of the reservoir. 
This net effect approaches the zero reservoir concentration 
of the ideal one dimensional solution. 
It should be kept in mind that the only purpose of this 
section has been to find the maximum effect of thresholdless 
convection. The fact that the system is rectangular with a 
relatively small aspect ratio cannot influence the final 
result. A cylindrical geometry with a capillary and reserv. 
voir arranged in the same manner depicted in Figure 1 must 
show the same maximum effect of thresholdless convection. 
The simple result of this section is the demonstration of the 
bounds of thresholdless convection; the application of these 
bounds will be presented in the following section. 
Incidentally, the results presented in this section 
required approximately 30 hours of computer time on an IBM*' 
560/65 system. 
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TWO-DIMENSIONAL DIFFUSION PROBLEM 
Analytical Presentation 
The practical application of the maximum limitation of 
thresholdless convection can be realized when both limits are 
examined together. If the two limiting cases predict the 
same diffusivities to a particular tolerance, then the one 
dimensional solution is adequate. If, however, the two 
limits produce significantly different results, then the one 
dimensional solution cannot be used for either self or inter-
diffusion studies and the two dimensional solution will be 
applicable only to self-diffusion studies. 
Two dimensional diffusion under conditions of constant 
temperature, density and diffusivity in cylindrical coordin­
ates is represented by: 
where 
"t = time 
/u = radial position 
% = vertical position 
X^= mole fraction of component A 
Angular dependence has been neglected. This equation is 
taken from Bird a^. (1). 
The following dimensionless parameters are introduced; 
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~J- --S. = ditnensionless vertical position 
^ L 
= ditnensionless radial position 
y _ Y 
C- = ^ AR. = ditnensionless concentration 
 ^ Xao~ Xi\R. 
T" - ditnensionless time 
where L , and XftR. are convenient reference parameters, aa 
yet unspecified. Introducing these dlmensionless parameters 
into Equation 52 gives: 
#  ^ % + % % %  +  &  (53 )  
At all solid boundaries, the boundary condition is: 
r O 
3n (54) 
where is the direction perpendicular to the boundary. 
The initial conditions are: 
" ^APî QCR i^jO) =1 in the capillary (55) 
Xft=XA(^9 =0 in the reservoir (56) 
Hence Xro and are defined. 
Equations 53 thru 56 represent the formal statement of 
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two dimensional diffusion in a cylindrical system* Unfor­
tunately, this equation does not have an analytical solution 
for the system which is considered; again, a numerical 
solution is used. Note that the equations are not a function 
of the type of liquid employed as the convection calculations 
were thru their dependence on the Grashof number ^and Schmidt 
number. The results are as general as the solution of 
Equation 1 and hence apply to most liquid systems, not just 
liquid metals. 
Numerical Presentation 
The geometry for which Equation 53 is to be solved is 
shown in Figure 9. This representation is the same as the 
diffusion cell arrangement used by Powers (23), Stahlhut (29) 
and Wenger (32). Note that the reference length referred to 
in the preceding section is defined as the length of the 
capillary, L • 
Again, the explicit finite difference formulation is 
used to solve Equation 53. The terminology and basic 
formulas which are used may be found in Lapidus (13). 
Expressing Equation 53 in finite difference formulation 
gives : 
AT "" AR^ 
1 - Cft( L 
(57) 
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reservior 
capillary 
Figure 9» Geometry used in diffusion calculations 
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where Indices and O have the game meaning as before and 
ûTIj AR and Cyt are the grid spacings for the directions 
indicated. Equation 57 applies to all interior points. For 
points at a solid boundary, the extraneous points which are 
called upon can be handled in the same manner as described 
previously, i.e., the boundary condition (Equation 54) 
expressed as a central difference at the boundary is used to 
interpret the extraneous point. 
Since there is no angular dependence, symmetry may be 
invoked. At the centerline, both R and are zero which 
leads to an indeterminate expression. The indeterminate 
expression is evaluated by means of l'Hôpital's rule* In 
finite difference formulation the result is 
where the index L equals 1 at the centerline and equals 2 
at one aR spacing from the centerline » The Z and "T deriva­
tives present no special difficulties in evaluation. 
The average concentration in the capillary is evaluated 
by means of a double integration using Simpson's rule or 
'Z (R 
l 1 ZirR'CmdR'jZ' 
Tt-R^z 
C - _ nz 
C  =  y R C - O C „ a , j ) w C : , j )  
i J 
4o 
where W is the weight ftmction for Simpson's rule. Tiie 
condition necessary for numerical stability and convergence 
of Equation 57 is ; 
"fe *  à ' ) i i  
The solution of Equation 53 for the region shown in 
Figure 9 can be summarized as follows : 
step (1): starting with the given initial conditions the 
concentration distribution is advanced one step in 
« 
time by solving either Equation 57 or Equation 57 
with the appropriate boundary conditions; 
step (2): step 1 is repeated as often as desired by 
considering the newly formed concentration distri­
bution to be the initial condition for the next 
time step; 
step (3): at any point in time the average concentration may 
be calculated by Equation 59. 
Results and Approximations 
The results of the diffusion calculations are tabulated 
in Table 1 » L/D is the aspect ratio, C is the average 
dimensionless concentration in the capillary and T is the 
value of the dimensionless time at which C occurs « The 
numbers after T have the following meaning: 1 refers to the 
solution of Equation 1, 2 refers to the solution of Equation 
53, and 3 and 4 will be described shortly. The quantity 
(T2-T1)/T1 represents the error in the diffusivity involved 
TABLE 1. SUMMARY OF INTERPOLATED DIMENSIONLESS TIMES 
L/D TI T2 T3 T4 (T2-T1)/TI (T3-T1)/T1 (T4-T1)/T1 
—— ——— 
— —-
——— 
5. 0 0.80 0. 03142 0. 04623 0. 046 83 0. 04677 0. 47154 0. 49059 0. 48872 
5. 0 0.75 Oo 04909 0. 06784 0. 06847 0. 06840 0. 38208 0. 39493 0. 39341 
5. 0 0.70 0. 07069 0. 09342 0. 09405 0. 09396 0. 32166 0. 33052 0. 32925 
5. 0 0.65 0. 09621 0. 12296 0. 12356 0. 12345 0. 27802 0. 28422 0. 28313 
5. 0 0.60 0. 12567 0. 15648 0. 15702 0. 15690 0. 24516 0. 24946 0. 24850 
5. 0 0.55 0. 15912 0. 19411 0. 19455 0. 19442 0. 21987 0. 22268 0, 22182 
5. 0 0.50 0. 19673 0. 23612 0. 23642 0. 23627 0. 20023 Oo 20176 0. 20098 
5. 0 0.45 0. 23891 0. 28308 0. 28317 0. 28299 Oo 18488 0. 18525 0. 18453 
5. 0 0.40 0. 28640 0. 33588 0. 33568 0. 33548 0. 17278 0. 17205 0. 17138 
7. 5 0.80 0. 03142 0. 03992 0. 04025 0. 04022 0. 27072 0. 28124 0. 28022 
7. 5 0.75 0. 04909 0. 05982 0. 06017 0. 06013 0. 21867 0. 22584 0. 22502 
7. 5 0.70 0. 07069 0. 08366 0. 08402 0. 08397 0. 18357 0. 18868 Oo 18799 
7. 5 0.65 0. 09621 0. 11144 0. 11180 0. 11174 0. 15828 0. 16204 Oo 16144 
7. 5 0.60 0. 12567 0. 14318 0. 14353 0. 14346 0. 13928 0. 14206 Oo 14153 
7. 5 0.55 Oo 15912 0. 17896 0. 17928 0. 17920 0. 12470 0. 12666 Oo 12619 
7. 5 0.50 0. 19673 0. 21904 0. 21928 0. 21920 0. 11340 0. 11462 0. 11420 
7. 5 0.45 0. 23891 0. 26390 0. 26402 0. 26393 0. 10461 0. 10511 0. 10472 
7. 5 0.40 0. 28640 0. 31438 0. 31432 0. 31422 0. 09768 0. 09750 0. 09714 
10. 0 0.80 0. 03142 0. 03693 0. 03724 0. 03733 Oo 17550 Oo 18532 0. 18818 
10. 0 0.75 0. 04909 0. 05606 0. 05638 0. 05650 0. 14206 0. 14863 0. 15093 
10. 0 0.70 0. 07069 0. 07913 0. 07946 0. 07959 0. 11940 0. 12407 0. 12599 
10. 0 0.65 0. 09621 0. 10612 0. 10646 0. 10662 0. 10303 0. 10648 0. 10813 
10. 0 0.60 0. 12567 0. 13707 0. 13740 0. 13758 0. 09071 0. 09330 0. 09475 
10. 0 0.55 0. 15912 0. 17205 0. 17235 0. 17256 0. 08128 Oo 00314 Oo 08444 
10. 0 0.50 0. 19673 0. 21129 0. 21152 0. 21175 0. 07400 Oo 07520 0. 07637 
10. 0 0.45 0. 23891 0. 25524 0. 25537 0. 25563 0. 06836 0. 06G92 O o  06999 
10. 0 0.40 0. 28640 0. 30471 0. 30470 0. 30498 0. 06395 0. 06'-5 09 Oo 06489 
TABLE 1. (CONTINUED) 
L / D  G T1 T2 13 T4 
25.0 0.80 0. 03142 0. 03275 0. 03308 0. 03306 
25.0 0.75 0. 04909 0. 05082 0. 05117 0. 05115 
25.0 0.70 0. 07069 0. 07283 0. 07319 0. 07316 
25.0 0.65 0. 09621 0. 09877 0. 09913 0. 09910 
25.0 0.60 0. 12567 0. 12867 0. 12901 0. 12897 
25.0 0.55 0. 15912 0. 16257 0. 16289 0. 16284 
25.0 0.50 0. 19673 0. 20068 0. 20094 0. 20089 
25.0 0.45 0. 23891 0. 24343 0. 24359 0. 24353 
25.0 0.40 0. 28640 0. 29157 0. 29160 0. 29153 
50.0 0.80 0. 03142 0. 03171 0. 03204 0. 03204 
50.0 0.75 0. 04909 0. 04954 0. 04986 0. 04987 
50.0 0.70 0. 07069 0. 07130 0. 07162 0. 07162 
50.0 0.65 0. 09621 0. 09699 0. 09730 0. 09730 
50.0 0.60 0. 12567 0. 12662 0. 12691 0. 12692 
50.0 0.55 0. 15912 0. 16025 0. 16052 0. 16053 
50.0 0.50 0. 19673 0. 19808 0. 19829 0. 19830 
50.0 0.45 0. 23891 0. 24051 0. 24065 0. 24065 
50.0 0.40 0. 28640 0. 28830 G. 28833 0. 28834 
(T2-T1)/T1 (T3-T1>/T1 (T4-T1)/T1 
0. 04232 0. 05305 0. 05238 
0. 03533 0. 04247 0. 04194 
0. 03033 0. 03541 0. 03496 
0. 02663 0. 03037 0. 02998 
0. 02382 0. 02659 0. 02625 
0. 02169 0. 02368 0. 02338 
0. 02009 0. 02140 0. 02113 
0. 01892 0. 01959 0. 01935 
0. 01806 0. 01815 0. 01792 
0. 00923 0. 01972 0. 01981 
0. 00915 0. 01578 0. 01585 
0. 00863 0. 01315 0. 01321 
0. 00805 0. 01127 0. 01133 
0. 00753 0. 00987 0. 00992 
0. 00712 0. 00879 0. 00883 
0. 00685 0. 00794 0. 00798 
0. 00670 0. 00727 0. 00730 
0. 00663 0. 00673 0. 00677 
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in using Equation 1. 
For all the T2 values reported in Table 1 the reservoir 
has the following characteristics: the value of the reservoir 
to capillary diameter ratio is at least 25 and the value of 
the reservoir to capillary height ratio is at least 1. 
Taking a larger reservoir will not produce any significant 
changes in the numbers presented in Table 1. Hence, for all 
practical purposes the reservoir is infinite. The numerical 
method used to arrive at this conclusion together with the 
numerical parameters and the values obtained from the 
computer calculations may be found in Appendix B. 
The following points should be noted in Table 1, The 
average dimensionless concentration ranges from 0.8 to 0.4 
simply because this is the range where the average concentra­
tion method is commonly used. For a constant aspect ratio, 
as the average dimensionless concentration decreases so does 
the error in the diffusion coefficient. More significant is 
the fact that as the aspect ratio increases the error in the 
diffusivity decreases substantially. 
These results show that there is a strong dependence of 
the diffusivity on geometry. They also show that the depend­
ence on geometry can be made negligible (a difference of 
0.01 is considered negligible for the present purpose) by 
choosing an aspect ratio greater than or equal to 50, For 
aspect ratios less than 50, Equation 1 is not an accurate 
approximation of the phenomena occurring. Self-diffusion 
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studies which may require these small aspect ratios simply 
should not use Equation 1 to interpret their results; they 
should use a two dimensional solution or a reasonable approj^-
imatlon to a two dimensional solution. Inter—diffusion 
studies should not use either solution presented in Tabla 1 
since the results of inter-diffusion studies saust lie 
somewhere between the two limits; just where is impossible to 
determine from the information presented in this work. 
However, inter-diffusion studies can be conducted with aspect 
ratios greater than 30 and use Equation 1 to obtain accurate 
results. 
Since the two dimensional results are applicable to 
8elf-diffusion studies and required over 30 hours of computer 
time (on an IBM 360/6$ system) to generate, it would be 
extremely useful to have an approximation to represent these 
results. To this end the zero boundary condition at the open 
end of the capillary used in the development of Equation 1 is 
replaced by the following flux condition: 
the concentration layer between X/\ and « This boundary 
condition approximates the build up of diffusate at the mouth 
of the capillary. Using the same dlmenslonless parameters 
used for Equation 52 gives: 
is the flux and S is the thickness of 
45. 
3 Cm 
9Z 
= J Cft = p Q 
Z=1 
(6i) 
Equation 6l defines yô « For E-O the boundary condition is 
the same as in Equation 1 * i»e«, in dirasnsionless form; 
= 0  
3C|Z;0 (62) 
When boundary conditions 6l and 62 are used in the solution 
of the one dimensional diffusion equatioii, 
T# (63) 
with a unity initial condition, the resulting average concen­
tration is: 
c = 2 (64) 
«\=o 
where 
c<n = /3 
(65) 
Details of this solution may be found in Carslaw and Jaeger 
(2f pp. 119-127)0 Note that when ^ goes to infinity 
Equation 64 becomes Equation 1« The only difficulty in 
applying Equation 64 lies in the inability to determine ^ 
from the physical situation. 
In using Equation 64, yS was calculated by the following 
trial and error procedure. Prom the two dimensional calcu­
lations a value of C is known for a given aspect ratio at a 
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fixed value of T2 (= 0.3)• T2 = 0,3 is chosen because the 
evaluation of only two terms in the series of Equation 64 is 
necessary. It is desired to have the value of C generated by 
Equation 64 match the known value of C, To this end a guess 
of ^  is made and the roots of Equation 65 are generated. 
Using the roots of Equation 65, Equation 64 is evaluated. 
When the value of C calculated by Equation 64 matches the 
value of known C from the two dimensional calculations the 
solution is considered to have converged on the appropriate 
^ • Values of ^ for each aspect ratio are generated in 
this fashion and may be found tabulated in Table 2. The 
additional information in Table 2 will be discussed shortly. 
For a particular aspect ratio, once ^ is known, 
Equation 64 may be evaluated for any T, The values listed 
under T3 in Table 1 are interpolated values of Equation 64 
based upon the yd which forces Equation 64 to fit the two 
dimensional solution at T2 = 0.3. Again the diffusivity 
difference is given by (T3-T1)/T1, Comparison of (T2-T1)/T1 
and (T3-Tl)/Tl shows a maximum discrepancy of 0.02. The true 
value of the approximation lies in considering the hours of 
computer time necessary to generate T2 compared with a second 
necessary to generate T3 « 
All the above information is meaningless to an experi­
mentalist who is unable to manufacture a capillary with the 
particular aspect ratios given here. If some functional 
relationship between y0 and L/D exists, then Equation 64 
TABLE 2. THE FUNCTIONAL RELATIONSHIP BETWEEN BETA AND THE ASPECT RATIO AS 
DETERMINED 9Y THE METHOD OF LEAST SQUARES 
ASPECT 
RATIO 
BETA LOG(ASPECT 
RATIO) 
LOG(BETA) PREDICTED 
VALUE OF BETA 
5.C 19.71843785 
7.5 34.87630338 
10.0 53.27632405 
25.0 187.80352968 
50.0 506.52292960 
0.69897000 
0.87506126 
1.COOOCOOO 
1.39794001 
1.69897000 
1.29487251 
1.54253045 
1.72653425 
2.27370375 
2.70459911 
19.79620611 
35.00626021 
52.45597849 
190.21824986 
504.04023731 if-•Nl 
SLOPE = 1.4058832406 LOG(CONSTANT) = 0.3139117520 
STANDARD DEVIATION = 0.0041542 
(FOR LOG VALUES) 
FINAL EQUATION 
1.4058832406 
BETA = 2.06G20211238(L/D» 
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could be used for any aspect ratio. Table 2 pjcesents a 
summary of a least squares fit of p and L/D assuming an 
equation of the form: 
The choice of an equation of this form is purely a matter of 
observation. Judîging from the standard deviation given in 
Table 2, the above form is appropriate to describe the 
variation of with L/D. 
The predicted values of ^  based on the equation given 
in Table 2 are used to evaluate Equation 64 again. The 
results of this calculation are summarized under T4 and 
(T4-T1)/T1 in Table 1. These values are only slightly 
different than those obtained for T5 and (T5-T1)/T1. 
However, now the experimentalist doing self-diffusion work 
may have aspect ratios anywhere between 5 and 50. It is 
fortuitous that the T4 approximation is relatively accurate 
at small aspect ratios where it is needed but begins to 
diverge at large aspect ratios where Equation 1 is 
applicable. 
In summary. 
= a (L/D)b {66>  
c 
where o( are the roots of 
n 
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and 
y3 = 2.0602 (L/D) ^ *^"59 
may be used for capillary-reservoir diffusion studies to an 
accuracy of two per cent or better in the diffusivity if the 
following criteria are met; the capillary to reservoir height 
ratio is at least 1; the diameter ratio is at least 2$; and 
C is between 0.8 and 0.4. The above is valid for self-
diffusion studies when the aspect ratio is 5 or greater. 
The aspect ratio for inter-diffusion studies should be at 
least 50. The above results take into account the build up 
of diffusate at the open end of the capillary and hence 
eliminate the need for stirring. 
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AGREEMENT WITH PREVIOUS WORK 
There has been one previous attemp* tio account for the 
build up of diffusate at the open end of the capillary. 
Gergely e^ ^ 1. (5) assume a hemispherical build up region 
exists above the capillary* They establish a time dependent 
concentration in the hemisphere by means of a boundary, 
condition similar to Equation 6l in which they assume S to be 
equal to the radius of the capillary. Diffusion occurs into 
the hemisphere from the capillary and from the hemisphere 
into an infinite reservoir. They approximate the solution of 
the coupled reservoir-hemisphere-capillary equations ; their 
results are plotted:in Figure 10 for an aspect ratio of 30, 
the lower limit of their work. Note that the vertical scale 
has been magnified by a factor of 100. Also plotted in 
Figure 10 are the two results from Table 1 for an aspect ratio 
of 50 where T2 refers to the results of the two dimensional 
numerical calculations and T4 refers to the approximation 
developed in this work* Furthermore, for an aspect ratio of 
100$ the upper limit of their work, and a final capillary 
composition of approximately 0.4 their results predict a 
diffusivity deviation of 0.23 per cent. When this present 
work is extrapolated to an aspect ratia of 100 by means of 
Figure 11, where the values plotted are taken from Table 1 
and the equation shown is a least squares fit and CT is the 
standard deviation, a diffusivity deviation of 0.25 per cent 
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L/D=50 
THIS WORK 
GER6ELY et al.(5) 
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Figure 10, Comparison of diffusivity differences 
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Figure 11. Diffusivity difference as a function of the 
aspect ratio 
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is obtained. Although their work and this work do not agree 
on a point for point basis, they do agree in order of magni­
tude, in sign and in the trend of reduced error with increas­
ing aspect ratio which in view of the approximations is all 
that can honestly be expected^ Incidentally, the order of 
magnitude error predicted by Gergely ejfc al« (5) has experi­
mental justification based on the work of their co-workers* 
Lengyel £t a^. (15). Unfortunately Lengyel ©t al. (15) do 
not give sufficient information in their work to allow for a 
point by point comparison with this work, 
A\t least two investigators have tried to determine 
whether or not the size of the capillary diameter had any 
effect on the diffusivity, Hirshamai et al. (20), who used 
aspect ratios between 12,5 and 50 and dimensionless times of 
the order of 0.1, would have to know their diffusivit&es to 
approximately 9 per cent to be able to detect a dependence 
on diameter. They have an experimental error of 10 to 20 per 
cent for the diffusivity which precludes their ability to 
detect any dependence on the capillary diameter; they found 
no effect of the capillary diameter on the diffusivity, 
Davis and Fryzuk (3) used aspect ratios of 25 and 50 and 
dimensionless times of the order of 0*03, Their diffusivity 
had an experimental error of - 15 per cent; they would have 
had to know their diffusivity to approximately 3 per cent to 
be able to detect a dependence on the diameter. They also 
found no effect of the capillary diameter on the diffusivity. 
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The approximate percentages given above are taken from Table 
1. 
Rohlin and Lodding (26) have detected a definite depend­
ence of the diffusivity on capillary diameter* Their results 
show that larger diameters produce larger diffusivities; this 
work predicts just the opposite effect. However, their 
effect is thought to be a surface effect of potassium 
reacting with the wall of the capillary as explained by 
Edwards ejb al. (4) which accounts for their observed depend­
ence on capillary diameter* 
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SUMMARY AND CONCLUSION 
In summary I 
OO 
e x p  ( - T )  
n - o  
where ol^&re the roots of 
o(^  tao (otnl = P 
and 
j3 = 2.0602 (L/D) ^ *^^59 
may be used for capillary-reservoir diffusion studies to an 
accuracy of two per cent or better in the diffusivity if 
the following criteria are met; the capillary to reservoir 
height ratio is at least 1; the diameter ratio is at least 
25; and the range of C is 0.8 to 0.4. The above is valid for 
self-diffusion studies when the aspect ratio is 5 or greater. 
The aspect ratio for inter-diffusion studies should be at 
least 50. The above results take into account the build up 
of diffusate at the open end of the capillary and hence 
eliminate the need for stirring. Thus all the goals outlined 
previously have been attained. 
In conclusion, not all the problems of the capillary-
reservoir technique have been eliminated, but the experiment-
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allât now has at his disposal new tools to aid him in his 
many choices of experimental parameters. This work, plus the 
unstable convection considerations of Verhoeven (51) and' the 
experimental apparatus used by Powers (25), Stahlhut (29) and 
Wanger (52) can give an experimentalist a firmer basis upon 
which to design his experiments. 
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APPENDIX A. CONVECTION COMPUTER CONSIDERATIONS 
The convection calculations used grid spacings of 0.05 
for AX and AY and 0,0005 for A'C • The capillary had five 
grid points in the horizontal direction and eleven in the 
vertical; the reservoir had twenty-two points in the horizon­
tal and eleven in the vertical. The results shown in Figures 
2 and 3 required approximately 30 hours of computer time on 
an IBM-360/65 using single precision. 
Since there is no convenient way of eliminating the 
Schmidt and Grashof numbers from the calculations, realistic 
values for them must be chosen, Schmidt numbers for liquid 
metals range from 10 to 100, Approximate values for the 
Grashof number can be obtained by considering values of the 
following order of magnitude in the cgs system: 
t [=] 10" 
p [=1 >0' 
g 10 
D. l=1 '0 ; 
/< L=: 
AX, [=] to"' 
Therefore 
GR [=] [=] lo"* 
The values chosen for the Grashof number ranged from 0 to 
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1,000,000.  
The curves for the two dimensional case without convec­
tion were produced by setting the Grashof number equal to 
zero in the convection calculations» The one dimensional 
solution was also obtained numerically by setting the region 
above the capillary equal to zero for all times, 
A" typical computer output for the convection calcula­
tions is presented on the following pages. The numbers are 
printed out in the following fashion for each profile: the 
first group of numbers are for the capillary with the first 
row of numbers referring to the bottom of the capillary; the 
next two groups of numbers refer to the r ?:>:.'5'rvoir. If the 
second group of numbers for the reserv<% are- translated to 
the right hand side of the first, tht rubers are arranged in 
an order which is upside down from the arrangement shown in 
Figure 1, 
START HFRE 
TAU = 0.14949340 
SCHMIDT NUMBER = 10.000 
GRASHOF NUMBER = 100000.000 
CONCENTRATION PROFILE 
0. 9962E 00 0. 9962E 00 0. 9962E 00 0. 9962E 00 0. 9962E 00 
0. 9948E 00 0. 9948E 00 0. 9946E 00 0. 9948E 00 0. 9948E 00 
0. 9898E 00 0. 9898E 00 0. 9898E 00 0. 9890E 00 0. 9898E 00 
0. 9792E 00 0. 9792E 00 0. 9792E 00 0. 9792E 00 0. 9792E 00 
0. 9593E 00 0. 9593E 00 0. 9593E 00 0. 9592E 00 0. 9592E 00 
0. 9249E 00 0. 9248E 00 0. 9248E 00 0. 9247E 00 0. 9247E 00 
0. 8699E 00 0. 8698E 00 0. 8696E 00 0. 8695E 00 0. 8695E 00 
0. 7883E 00 0. 7881E 00 0. 7879E 00 0. 7880E 00 0. 7878E 00 
0. 6762E 00 0« 6761E 00 0. 6760E 00 0. 6772E 00 0. 6757E 00 
0. 5344E 00 0. 5347E 00 0, 5356E 00 0. 5395É 00 0. 5310E 00 
0. 3761E 00 0. 3766E 00 0. 3784E 00 0. 3S42E 00 0. 3456E 00 
0.3761E 
0.2313E 
3.I273E 
3.6540E-
D.3258E-
0.1615E-
0.8063E-
0.4081E-
0.2118E-
0.1205E-
0.9328E-
,3766E 
.2312E 
.1270E 
,6515E-
,3244E-
,1608E-
.8029E-
,4063E-
,2109E-
.1201E-
9307E-
3704E 
2315E 
1267E 
64 90E-
3233E-
16C3E-
8008E-
4051E-
2101E-
1196E-
9274E-
3842E 
2337E 
1270E 
6494E-
3236E-
1605E-
8016E-
4048Ê-
2094E-
1190E-
9224E-
3456E 
2244E 
. 1253E 
6483E' 
3249E-
1615E-
8049E-
4048E' 
2384E' 
1179E' 
9132E-
2306E 
1954E 
1194E 
6403E-
3257E-
1625E-
8C84E-
4C39E-
2062Ê-
1159E-
8964E-
1815E 
1702E 
1124E 
6274E-
3253E-
1630E-
e036E-
4006E-
2 0 2 2 É -
U26E-
8691E-
,1534E 
. 1496Ê 
1051E 
.6089E-
,3215E-
,lb23E-
.8025E-
,3939E-
.1961E-
.1078E-
.8299E-
,1332E 
1324E 
,9754E-
.5846E-
3146E' 
,1599E-
,78895-
3834E-
1879E. 
10176-
7791E-
.n68E 
1176E 
, B997E-
,55546-
.3042E-
,1558E-
.7683E-
3697E-
.1780E-
9446E-
7190E-
1025E 00 
1044E 00 
8245E-01 
5224E-01 
2911E-01 
Î 505E-01 
7424E-02 
3541E-02 
1672E-02 
8661E- 03 
6527E-03 
e\ 
V# 
0.8950E-01 
0.9248E-01 
0.7504E-01 
0.4869E-01 
0.2760E-01 
0.1442E-01 
0.7140E-02 
0.3378E-02 
0.15&1E-02 
0.7852E-03 
0.5835E-03 
0.7743E-
0.8135E-
0.Ô775E-
0.4498E' 
0.2597E-
0.1377E' 
0.6858E-
0.3221E-
0.1454E' 
0.7053E-
0.5143E-
6596E-
7079E-
6058E-
4119E-
2432Ê-
13X4Ê-
6599E-
3078E-
1353E-
6 2 8 2 É -
4468E-
5484E 
6055E 
5342E 
3735E 
2269E 
1254E-
6368E-
2948E-
I257E' 
5541E-
3816E-
•01  
•01  
•01  
• 0 1  
•01 
• 0 1  
• 0 2  
•02 
•02  
•03 
•03 
.4388E-01 
.5325E-01 
,4593E-01 
3326E-01 
2098E-01 
1190E-01 
6103E-02 
2803E-02 
1159E-02 
.4811E-03 
.3176E-03 
0.3311E-
0.3963E-
0.3769E" 
0.2838E-
0.1858E-
0.1078E-
0.5583E-
0.2551E' 
0.1026E-
0.4010E" 
0.2522E-
2289Ê-
2B71E-
2B45E-
2225E-
1501E-
8900E-
4565E-
2131E-
8396E-
3113E-
1860E-
,1394E-01 
,1817E-01 
,1867E-01 
,1506£-01 
.1039E-01 
.6310E-02 
,3370E-02 
.1552E-02 
,6060E-03 
,2162E-03 
.1233E-03 
0.7184E-
0.9416E-
0.9913E-
0.8193E-
0.5785E-
0.3624E-
0.1988E-
0.9314E-
0.3655E-
0.1287E-
0.7129E-
,3221E 
.3960£^ 
.4173E-
,3538E-
.2583E-
.1674E-
.9448E-
.4532E-
.1024E-
.6623E-
.3714E-
19826-02 
2245E-02 
2329E-02 
1999E-02 
1469E-02 
9505E-03 
5386E-03 
2635E-03 
1108E-03 
4306E-04 
2522E-04 
AVERAGE CAPILLARY CONCENTRATION = 0.84030646 
VORTICiry PROFILE 
0.0 -0.2072E-01-0.2509E-01-0.1298E-01-0.1298E-01 
0.0 0.1559E-02-0.5623E-04-0.4505E-02-0.1298E-01 
0.0 0.1968E-01 0.2092E-01 0.1875E-02-0.3583E-01 
0.0 0.4515E-01 0.4949E-01 0.1454E-01-0,5983E-01 
0.0 0.8769E-01 0.8933E-01 0.3762E-01-0.648lE-Ol 
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0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 
3. 1739E 00 0. 1746E 00 0. 1758E 00 0. 1769E 00 0. 1763E 00 0. 17C3E 00 0. 1539E 00 0. 1231E 00 0. 78076--01 0. 2901E-01 0. 0 
0. 4119E 00 0. 4194E 00 0. 4257E 00 0. 4292E 00 0. 4260E 00 0. 4083E 00 0. 3S56E 00 0. 2897E 00 0. 1831E 00 0. 69066- 01 0. 0 
0. 5806E 00 0. 5969E 00 0. 6089E 00 0. 6144E 00 0. 60776 00 0. 5784E 00 0. 5133E 00 0. 40256 00 0. 25166 00 0. 93606-01 0. 0 
0. 6424E 00 0. 6647E 00 0. 6803E 00 0. 6862E 00 0. 6761E 00 0. 6390E 00 0. 5614E 00 0. 4347E 00 0. 26766 0Ô 0. 97636-01 0. 0 
0. 6048E 00 0. 6286E 00 0. 6448E 00 0. 6501E 00 0. 6379E 00 0. 5983E 00 0. 5199E 00 0. 3969E 00 0. 24006 00 0. 8525E-01 0. 0 
0. 4936E 00 0. 5149E 00 0. 5292E 00 0. 5332E 00 0. 5213E 00 0. 4854E 00 0. 4171E 00 0. 3138E 00 0. 1860E 00 0. 64096-01 0. 0 
0. 3412E 00 0. 3571E 00 0. 3678E 00 0. 3707E 00 0. 3616E 00 0. 3343E 00 0. 2849E 00 0. 2112E 00 0. 12256 00 0. 40566-01 0, 0 
0. 1829E 00 0. 1921E 00 0. 1985E 00 0. 2005E 00 0. 1957E 00 0. 1807E 00 0. 1526E 00 0. 1114E 00 0. 6272E-•01 0. 1939E-01 0. 0 
0. 5604E- 01 0. 5915E- 01 0. 6147E--01 0. 6248E-01 0. 6130E- 01 0. 5673E- 01 0. 4771E- 01 0. 34176- 01 0. 1816E- 01 0. 45886-02 0. 0 
0. 0 0. 0 0. 0 0. 0 0, 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 
X VELOCITY PROFILE 
0 .0  0 .0  0 .0  0 .0  0 .0  
0.0 0.6836E-03 0.8345E-03 0.4478E-03 0.0 
0.0 0.9508E-03 0.1157E-0E 0.6458E-03 0.0 
0.0 0.88Z2E-03 0.9I83E-03 0.5033E-03 0.0 
0.0 -0.6417E-04-0.7534E-03-0.5569E-03'0.0 
0.0 -0.3115E-02-0.5520E-02-0.3318E-02 0.0 
0.0 -0.8016E-02-0.1212E-01-0.5109E-02 0.0 
0.0 -0.5224E-02-0.3271E-02 0.1271E-01 0.0 
0.0 0.3799E-01 0.7875E-01 0.I073E 00 0.0 
0.0 0.1762E 00 0.3340E 00 0.3703E 00 0.0 
0.0 0.3997E 00 0.8056E 00 0.1212E 01 0.0 
0. 0 0. 3997E 00 0.8056E 00 0. 12126 01 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 
0. 0 0. 4924E 00 O.lOlOE 01 0. 1651E 01 0. 2571E 01 0. 3064E 01 0. 34116 01 0. 36446 01 0. 3807E 01 0, 39316 01 0. 40336 01 
0. 0 0. 3491E 00 0.6934E 00 0. 10496 01 0. 15626 01 0. 21026 01 0. 26326 01 0. 31146 01 0. 35236 01 0. 38606 01 0. 41336 01 
0. 0 0. 1179E 00 0.2235E 00 0. 31286 00 0. 44386 00 0. 64906 00 0. 93846 00 0. 12696 01 0. 15956 01 0. 18916 01 0. 21466 01 
0. 0 -0. 93166--01-•0.1932E 00--0. 30336 00--0. 3958E 00--0. 4327E 00--0. 39476 00-•0- 29896 00-•0. 17366 00--0. 41906--01 0, 81156--01 
0. 0 -0. 2469E 00-•0.4953E 00--0. 74566 QO-•0. 9838E 00--0. 11876 01-•Oc 13396 01-•0. 14426 01-•0. 15076 01 -0. 15476 01--0. 3 5706 01 
0. 0 -0. 33536 00- 0.6698E 00" •0. 10036 01-•0. 1328E 01-•0. 16326 01-•0. 19036 01-•0. 21386 01-•0. 23376 01-0. 25036 01-•0. 26396 01 
0. 0 -0. 35676 00- 0.7127E 00--0. 10686 01--0. 1418E 01-•0. 17586 01-0. 20776 01--0. 23716 01-•0. 26346 01' -0. 2866E 01--0. 30646 01 
0. 0 -0. 30986 00- 0.6198E 00--0. 9305E 00-0. 12416 01-•0. 15466 01-0. 18416 01-0. 21196 01-•0 .  23756 01 -0. 2605E 01--0. 28086 01 
0. 0 -0. 18296 00- 0.3664E 00- 0. 55136 00-•0. 7374E 00-0. 92276 00-0. 1104E 01-0. 12776 01- 0, 14386 01-0. 15856 01--0. 17166 01 
0. 0 0. 0 0.0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 
0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0, .0 
0. 41196 01 0. 41946 01 0. 4257E 01 0. 42926 01 0. 42606 01 0. 40836 01 0. 36566 01 0. 28976 01 0. 18316 01 0. 69066 00 0, ,0 
0. 43536 01 0. 45236 01 0. 4642E 01 0. 46906 01 0. 4625E 01 0. 43776 01 0. 38556 01 0. 30016 01 0. 18686 01 0. 70126 00 0. ,0 
0. 23556 01 0. 25136 01 0. 2613E 01 0« 26386 01 0. 25666 01 0. 23636 01 0. 20016 01 0. 14786 01 0, 85706 00 0. 28726 00 0. 0 
0. 18596 00 0. 26416 00 0. 3064E 00 0. 30206 00 0. 24416 00 0. 13616 00 0. 11656--02--0. 11536 00-•0. 16056 00- 0. 10506 00 0. 0 
-0. 15856 01-•0. 15976 01-•0. 1613E 01--0. 16356 01--0. 16546 01--0. 16436 01--0. 15436 01--0. 12946 01- 0. 87286 00' •0. 35846 00 0. 0 
-0. 27496 01" •0. 28336 01-'0. 2891E 01--0. 29156 01-•0. 2803E 01--0. 27496 01" -0. 24506 01-•0. 19366 01- 0. 12256 01- 0. 46546 00 0. 0 
-0. 32286 01-•0. 33556 01--0. 3437E 01--0. 34566 01-•0. 3380E 01--0. 3160E 01--0. 27406 01 -0. 20936 01-•0. 12746 01-0. 4616E 00 0, 0 
-0. 29796 01-0. 31146 01" '0. 3202E 01--0. 32216 01-•0. 31356 01--0. 28996 01--0. 24686 01--0. 18386 01- 0. 10816 01--0. 37286 00 0. 0 
-0. 1829E 01-•0. 19216 01-•0. 1985E 01-"0. 20056 01-•0. 19576 01--0. 18076 01--0. 15266 01' -0. 11146 01-•0. 62726 00-•0. 19396 00 0, 0 
0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. ,0 
Y VELOCITY PROFILE 
0 . 0  0 .0  0 . 0  0 .0  0 . 0  
-O.S862E~03-0.3479E-03 0.12916-03 0.3136E-03 0.0 
-0.1545E-02-0.9241E-03 0.3143E-03 0.8345E-03 0.0 
-0.2607E-02-0.1511E-02 C.5345E-03 0.1370E-02 0,0 
-0.3263E-02-0.1645E-02 0.8032E-03 0.15126-02 0.0 
-0.2054E-02-0.1542E-03 O.lOlOE-02 0.2204E-03 0.0 
0.3360E-02 0.4521E-02 0.1723E-03-0.3842E-02 0.0 
0.11S7E-01 C.1009E-0X-0.6137E-02-0.8338E-02 0.0 
0.1746E-02-0.3550E-02-0.3311E-01 0.5784E-02 0.0 
-0.9202E-OX-0.9838E-01-0.1218E 00 0.9685E-01 0.0 
-0.3750E 00-0.3786E 00-0.3703E 00 0.3652E 00 0.0 
-0.3750E 
-0.8509E 
-0.1286E 
-0.1520E 
-0.1528E 
-0.1353E 
-0.1057E 
-0.7047E 
-0.3657E 
-0.1080E 
0.0 
00-0, 
00-0. 
01-0. 
01-0, 
01-0. 
01-0, 
01-0. 
00-0, 
00-0, 
00-0. 
0. 
3786E 
8646E 
1300E 
1527E 
1530E 
1353E 
1056E 
7051E 
3662E 
1082E 
0 
00-0 
00-0 
01-0 
01-C 
01-0. 
01-0. 
01-0. 
00-0, 
00-0, 
00-0, 
0, 
.3703E 
•9012E 
.1343E 
,1552E 
1539E 
1355E 
.1058E 
7071E 
3682E 
1093E 
0 
00 0. 
00-0, 
01-0, 
01-0. 
01-0. 
01-0, 
01-0, 
00-0, 
00-0, 
00-0, 
0. 
36526 
6416E 
1289Ê 
1540E 
1532E 
I35ie 
1057E 
7094E 
3713E 
line 
0 
00 0, 
00-0. 
01-0. 
Ol-O, 
01-0,  
01-0, 
Ol-O, 
00-0, 
00-0. 
00-0. 
0. 
0 
3649E 
1103E 
1429E 
1469E 
1317E 
1342E 
7056E 
3724E 
1125E 
0 
0 . 0  
00-0.2539E 
01-0.8409E 
01-0.1224E 
01-0.1340E 
01-0.12456 
01-0.1005E 
00-0.6896E 
00-0.3677E 
00-0.1124E 
0 . 0  
0, 
00-0, 
00-0. 
Ol-O. 
01-0,  
Ol-O, 
01-0. 
00-0, 
00-0. 
00-0. 
0 .  
0  0 ,  
74635-01 0. 
56736 00-0. 
9884E 00-0, 
1176E 01-0, 
1142E Ol-O. 
9455E 00-0. 
65906 00-0, 
35546 00-0, 
10986 00-0. 
0  0 .  
0 
6141E-
3840E 
79176 
10146 
1025E 
66886 
61496 
33526 
10456 
0 
0, 
02 0. 
00-0, 
00-0. 
01-0.  
01-0.  
00-0 .  
00-0. 
00-0, 
00-0, 
0. 
0 
23926-
27976 
64316 
86756 
90336 
78126 
5605E 
30866 
97006-
0 
0 . 0  
01 0.17336-00-0.22116 
00-0.53036 
00-0.73646 
00-0.7827E 
00-0.68746 
00-0,49946 
00-0.27816 
0 1 - 0 . 8 8 2 2 6 -
0 . 0  
0.0  
01 0.46316-02 
00-0.18566 00 
00-0,44056 
00-0.61776 
00-0.66406 
00-0.58996 
00-0.4336E 00 
00-0.24456 00 
01-O.78786-01 
0 . 0  
00 
00 
00 
00 
C\ 
OS 
0.0 0.0 0.0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 
-O.B148E-02-0,2004E-01-0.2728E-01-0. 1386E-•01 0. 52286--01 0. 2078E 00 0. 46586 00 0. 7762E 00 0. 9974E 00 0. 78076 00 0. 0 
-0.1614E 00-0.1404E 00-0.1071E OC-0. 2300E-•01 0. 17936 00 0. 5731E 00 0. 11766 01 0. 1868E 01 0. 23326 01 0. 18316 01 0. 0 
-0.3&36E 00-0.2877E 00-0.1884E 00--0. 1401E- 01 0. 32056 00 0. 90566 00 0. 17526 01 0. 2681E 01 0. 3260E 01 0. 25166 01 0. 0 
-0.5051E 00-0.3858E 00-0.2313E 00 0. 1273E- 01 0. 4316É 00 0. llllE 01 0. 2043E 01 0. 3014E 01 0. 3559E 01 0. 26766 01 0. 0 
-0.5436E 00-0.408&E 0a-0.2304E 00 0. 42166- 01 0. 48226 00 0. 1153E 01 0. 2022E 01 0. 2876E 01 0. 3280E 01 0. 24006 01 0. 0 
-0.4860E 00-0.3637E 00-0.1974E 00 0. 55896- 01 0. 45086 00 0. 10246 01 0. 1729Ê 01 0. 2379E 01 0. 26346 01 0. 18606 01 0. 0 
-0.3611E 00-0.2724E 00-0.1475E 00 0. 44956- 01 0. 3407E 00 0. 75666 00 0. 1249E 01 0. 1676E 01 0. 18016 01 0. 12256 01 0. 0 
-0.2071E 00-0.1600E 00-Û.9101E-01 0. 18346- 01 0. 18826 00 0. 42566 00 0. 7014E 00 0. 9299E 00 0. 97306 00 0. 62726 00 0. 0 
-0.6651E-•01-0.5556E-01-0.3560E-OI--0. 17596- 02 0. 53706--01 0. 13406 00 0. 22906 00 0. 3071E 00 0. 31496 00 0. 18166 00 0. 0 
0.0 0.0 0.0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 
END HERE 
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APPENDIX B. DIFFUSION COMPUTER CONSIDERATIONS 
The numerical parameters used in the two dimensional 
diffusion calculations are summarized in Table 3» The 
notation used is consistent with that stated previously* 
When the value of was cut approximately in half for 
aspect ratios of 5» 10, 25 and 50, the value of the average 
dimensionless concentration at dimensionless times of 0& 2 
remained unchanged to five significant figures. AR showed 
the same behavior for aspect ratios of 5 and 25. Therefore 
the results are independent of the grid size. The two 
dimensional diffusion calculations were performed in double 
precision on an IBM 360/65 system. Approximately 30 hours of 
computer time were used in all the calculations. 
Note that the capillary to reservoir height and diameter 
ratios appear to be inconsistent with values quoted previous­
ly* In order to determine the effect of the size of the 
reservoir upon the average dimensionless concentration in the 
capillary, several tests were conducted. For an aspect ratio 
of 5 the height ratio was varied between 1 and 1,5 and the 
diameter ratio was varied between 20 and 30, The results 
agreed with the ones obtained using the parameters shown in 
the table to six significant figures in the average dimen­
sionless concentration for dimensionless times up to 0,3» 
For an aspect ratio of 50, reducing the diameter ratio to 25 
also gave the same result but to only five significant 
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figures. For an aspect ratio of 25, the outer boundaries of 
the reservoir were set to zero dimensionless concentration 
(instead of a zero flux condition); the results agreed with 
the results obtained using the parameters shown in Table 3 
to four significant figures. The zero outer boundary 
condition is an approximation for infinity for this 
particular system. Hence, for all practical purposes the 
reservoir is infinite if the height ratio of capillary to 
reservoir is one or greater and the diameter ratio is 
twenty-five or greater» 
The average dimensionless concentration is tabulated as 
a function of time for each aspect ratio in Tables 4 thru 8. 
The numerical parameters listed in Table 3 apply to these 
tabulations. The numbers following C have the same meaning 
as they did when they followed T in the main body of this 
report. The Aln(C2) is included to show that for eaach aspect 
ratio a constant value is approached. The fact that the 
approximately constant values ofAln(C2) are not the 
theoretical value of 0.0074022 predicted from Equation 1 but 
approach the theoretical valuer with increasing aspect ratio 
is one reason for choosing Equation 64 to approximate the 
two dimensional information. 
In Table 9 aree listed the values in the interpolation of 
C to find T. C is the value being sought; the sets of T1 and 
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C (followed by their identifying number) are the values used 
in the Lagrangian interpolation scheme* The values 
presented here are taken from Table 1 and are presented 
merely to show just which values were used in the interpola­
tion of the values presented in Table 1. 
TABLE 3. SUMMARY OF NUMERICAL PARAMETERS 
ASPECT RATIO 5.0/1.0 7.5/1.0 
Ll/L 1.25 1.25 
01/D 25.0 25.0 
DELTA R 0.005 0.005 
DELTA L 0.025 0.0375 
—4 —5 
DELTA T 1.5X10 7.5X10 
R 0.020 0.020 
L 0.200 0.300 
CAPILLARY SIZE 
TOTAL POINTS IN R 5 5 
TOTAL POINTS IN L 9 9 
RESERVOIR SIZE 
TOTAL POINTS IN R1 101 101 
TOTAL POINTS IN LI 11 11 
10.0/1.0 25.0/1.0 50.0/1.0 
1.25 1.00 1.00 
25.0 25.0 50.0 
0.005 0.005 0.005 
0.050 0,100 0.100 
— 5 — 6 — 
3.75X10 6.0X10 6.0X10 
0 .020  0 .020  0 .010  
0.400 1.000 1.000 
5 5 3 
9 11 11 
101 101 101 
11 11 11 
TABLE 4. DIMENSIONLESS CONCENTRATION AS A FUNCTION OF DIMENSIONLESS TIME 
THE ASPECT RATIO FOR THE DATA WHICH FOLLOWS IS 5.0/1.0 
Cl C2 C3 C4 IC2-C1I |C2-C3| |C2-C4| DELTA LN(C2) 
—————— 
0« 003 0. 93820 0. 96817 0. 96829 0. 96822 0. 02997 0. 00012 0. 00006 —0 « 0323520 
0. 006 0. 91260 0. 94699 0. 94723 0. 94714 0. 03439 0. 00024 0. 00015 -0. 0221162 
0. 009 0. 89295 0. 92936 0. 92998 0. 92988 0. 03641 0. 00061 0. 00051 —0 » 0187883 
0« 012 0. 87639 0. 91401 0. 91497 0. 91486 0. 03761 0. 00096 0. 00085 —0. 0166615 
0. 015 0. 86180 0. 90028 0. 90150 0. 90138 0. 03847 0. 00122 0. 00110 -Oc 0151366 
0. 018 0. 84861 0. 88777 0. 88916 0. 88903 0. 03915 0. 00139 0. 00127 -0. 0139914 
0. 021 0. 83648 0. 87621 0. 87771 0. 87758 0. 03973 0. 00150 0. 00137 0 o 0131033 
Go 024 0. 82519 0. 86542 0. 86698 0. 86684 0. 04022 0. 00156 Oc 00143 —0, 0123952 
0. 027 0. 81459 0. 85525 0. 85684 0. 85671 0. 04066 0. 00159 0. 00146 — Oo 0118170 
0. 030 0. 80456 0. 84561 0. 84722 0. 84708 0. 04105 0. 00161 0. 00147 — 0« 0113348 
0. 033 0. 79502 0. 83642 0. 83803 0. 83789 0. 04140 0. 00160 0. 00146 -0. 0109255 
0, 036 0. 78591 0. 82763 0. 82922 0. 82908 0. 04172 0. 00159 0. 00145 -0. 0105730 
0. 039 0. 77716 0. 81917 0. 82075 0. 82061 0. 04201 0. 00158 0. 00143 -"0 • 0102656 
0. 042 0. 76875 0. 81103 0. 81258 0. 81244 0. 04227 0. 00156 0. 00141 —0 » 0099947 
0. 045 0. 76063 0. 80315 0. 80469 0. 80454 0. 04252 0. 00154 0. 00139 -0. 0097539 
0. 048 0. 75278 0. 79553 0. 79704 0. 79689 0. 04274 0. 00151 0. 00136 -0 < 0095383 
0. 051 0. 74518 0. 78813 0. 78962 0. 78946 0. 04295 0. 00149 0, 00133 — 0 s 0093440 
0. 054 0. 73779 0. 78094 0. 78240 0. 78224 0. 04315 0. 00146 0. 00131 —0» 0091679 
0. 057 0. 73060 0. 77394 0. 77537 0. 77521 0. 04333 0. 00143 0. 00128 -0. 0090075 
0. 060 0. 72360 0. 76711 0. 76851 0. 76836 0. 04350 0. 00141 0. 00125 -0. 0088608 
0. 063 0. 71678 0. 76044 0. 76182 0. 76167 0^ 04366 0. 00138 0. 00122 -0. 0087261 
0. 066 0. 71011 0. 75393 0. 75528 0. 75513 0. 04382 0. 00135 0. 00120 —Go 0086021 
0. 069 0. 70360 0. 74756 0. 74889 0. 74873 0. 04396 0. 00133 0. 00117 -0. 0084875 
0. 072 0. 69722 0. 74132 0. 74262 0. 74246 0. 04409 0. 00130 0. 00115 -0. 0083814 
0. 075 0. 69098 0. 73520 0. 73648 0. 73632 0. 04422 0. 00128 0. 00112 -0. 0082828 
TABLE 4. (CONTINUED) 
THE ASPECT RATIO FOR THE DATA WHICH FOLLOWS IS 5. .0/1.0 
T Cl C2 C3 C4 IC2-C1I IC2-C3I IC2-C4I DELTA LN(C: 
0. 078 0. 68486 0.72921 0.73046 0. 73030 0.04435 0.00125 0. 00110 -0. 0081912 
0. OBI 0. 67886 0.72332 0.72455 0. 72439 0.04446 0.00123 0. 00107 -0. 0081057 
0. 084 0. 67296 0.71754 0.71875 0. 71858 0.04457 0.00121 0. 00105 -Oo 0080259 
0. 087 0. 66718 0.71185 0.71304 0. 71288 0.04468 0.00119 0. 00102 -0. 0079512 
0. 090 0. 66149 0.70627 0.70743 0. 70727 0.04478 0.00116 0. 00100 —0» 0078313 
Oo 093 0. 65589 0.70077 0.70191 0. 70175 0.04488 0.00114 0. 00098 — Oo 0078157 
0. 096 0. 65039 0.69536 0.69648 Oo 69631 0.04497 0.00112 0. 00096 "O o 0077541 
0. 099 0. 64497 0.69002 0.69112 0. 69096 0.04506 0.00110 0. 00094 — Oo 0076962 
0. 102 0. 63963 0.6 8477 0.68585 0. 68569 0.04514 0.00108 0. 00092 -Oo 0076417 
0. 105 0. 63437 0.67959 0.68065 0. 68049 0.04523 0.00106 0. 00090 — Oo 0075905 
0. 108 0. 62918 0.67449 0.67553 0. 67536 0.04531 0.00104 0. 00088 -Oo 0075421 
0. 111 0« 62407 0.66945 0.67047 0. 67031 0.04538 0.00102 0, 00086 — 0 o 0074965 
0. 114 0. 61902 0.66448 0.66548 0. 66531 0.04546 0.00100 0. 00004 — 0 o 0074535 
0. 117 0. 61404 0.65957 0.66056 0. 66039 0.04553 0,00098 Oe 00082 -Oo 0074129 
0. 120 0. 60913 0.65472 0.65569 0. 65552 0.04560 0.0009? 0. 00060 -Oo 0073745 
0. 123 0. 60427 0.64994 0.65089 0. 65072 0.04566 0.00095 0. 00078 "0. 0073362 
0. 126 0. 59948 0.64521 0.64614 0. 64597 0.04573 0.00093 Oo 00076 -Oo 0073039 
0« 129 0. 59474 0.64053 0.64145 0. 64128 0.04579 0.00091 0. 00075 "Oo 0072714 
0. 132 Oo 59006 0.63591 0.63681 0. 63664 0.04585 0.00090 Oo 00073 -Oo 0072407 
0. 135 0, 58544 0.63134 0.63222 0. 63205 0.04591 0.00080 Oe 00071 "Oo 0072116 
0. 138 0. 58086 0.62682 0.62769 0. 62752 0.04596 0.00086 Oo 00069 "•Oo 0071841 
0. 141 0. 57634 0.62235 0.62320 0. 62303 0.04602 0.00085 0. 00068 'Oc 0071580 
0. 144 0. 57186 0.61793 0.61876 0. 61859 0.04607 0o00083 0. 0006G "•Oo 0071333 
0. 147 0. 56743 0.61355 0.61436 0. 61419 0.04612 0.00081 Oo 00064 -0. 0071098 
0. 150 0. 56305 0.60922 0.61002 0. 60985 0.04617 0.00080 0. 00063 -Oe 0070876 
TABLE 4. (CONTINUED) 
THE ASPECT RATIO FOR THE DATA WHICH FOLLOWS IS 5.0/1.0 
CI C2 C3 C4 IC2-C1I |C2-C3| |C2^C4| DELTA LN(C2) 
-••• 
—1 
0. 153 0. 55871 0. 60493 0. 60571 0. 60554 0. 04621 0. 00078 0. 00061 -"0 « 0070665 
0. 156 0. 55442 0. 60068 0. 60145 0. 60127 0. 04626 0. 00077 0. 00059 —0. 0070465 
0. 159 0. 55017 0. 59647 0. 59722 0. 59705 0. 04630 0. 00075 0. 00058 -Oe 0070275 
0. 162 0. 54596 0. 59231 0. 59304 0. 59287 0. 04635 0. 00073 0. 00056 — Oo 0070096 
0. 165 0. 54179 0. 58818 0. 58890 0. 58873 0. 04639 0. 00072 0. 00055 "Oo 0069925 
0. 168 0. 53767 0. 58409 0. 58479 0. 58462 0. 04642 0. 00070 0. 00053 ~ 0 « 0069763 
0. 171 0. 53358 0. 58004 0. 58073 0. 58055 0. 04646 0. 00069 0. 00051 -0. 0069609 
Oo 174 0. 52953 0. 57602 0. 57669 0. 57652 0. 04650 0. 00067 Oc 00050 -0. 0069463 
0. 177 0. 52551 0. 57204 0. 57270 0. 57253 0. 04653 0. 00065 0. 00048 -0. 0069324 
0. 180 0. 52154 0, 56810 0. 56874 0. 56857 0. 04656 0. 00064 0. 00047 -0. 0069193 
0. 183 0. 51760 0. 56419 0. 56481 0. 56464 0. 04659 0. 00062 0. 00045 -0. 0069068 
0. 186 0. 51369 0. 56031 0. 56092 0. 56075 0. 04662 0. 00061 0. 00043 -0. 0068949 
0. 189 0. 50982 0. 55647 0. 55706 0. 55689 0. 04665 Oo 00059 0. 00042 -0. 0068836 
0. 192 0, 50598 0. 55266 0. 55323 0. 55306 0. 04667 0. 00058 0. 00040 -0. 0068728 
0. 195 0. 50218 0. 54888 0. 54944 0. 54927 0. 04670 0. 00056 Oc 00039 -0. 0068627 
0. 198 0. 49841 0. 54513 0. 54567 0. 54550 0. 04672 0. 00054 0. 00037 -Oc 0068530 
0. 201 0. 49467 0. 54141 0. 54194 0. 54177 0. 04674 0. 00053 0. 00035 — 0® 0068438 
0. 204 0. 49096 0. 53772 0. 53824 0. 53806 0. 04676 0. 00051 0, 00034 -0. 0068350 
0. 207 0. 48729 0. 53407 0, 53456 0. 53439 0. 04678 0. 00050 0. 00032 -0. 0068267 
0. 210 0. 48364 0. 53044 0. 53092 0. 53074 0. 04680 0. 00048 0. 00031 -Oc 0068188 
0. 213 0. 48002 0. 52684 0. 52730 0. 52713 0. 04681 0. 00046 0. 00029 -0. 0068113 
0. 216 0. 47644 0. 52326 0. 52371 0. 52354 0. 04682 0. 00045 0. 00027 — 0 e 0068041 
0. 219 0. 47288 0. 51972 0. 52015 0. 51998 0. 04684 0, 00043 0. 00026 -0. 0067973 
Oc 222 0. 46936 0. 51620 0. 51662 0. 51644 0. 04685 0. 00042 0. 00024 -0 o 0067908 
0. 225 0. 46586 0. 51271 0. 51311 0. 51294 0. 04685 0. 00040 0. 00023 — 0 e 0067846 
TABLE 4. (CONTINUED) 
THE ASPECT RATIO FOR THE DATA WHICH FOLLOWS IS 5. 0/1.0 
T Cl C2 C3 C4 IC2-C1I IC2-C31 IC2^C4| DELTA LN(C: 
0. 228 0. 46239 0. 5092 5 0.50963 0. 50946 0.04686 0.00038 0. 00021 —0. 0067788 
0. 231 0. 45894 0. 50581 0. 50618 0. 50600 0.04687 0.00037 0. 00019 -0. 0067732 
0. 234 0. 45553 0. 50240 0. 50275 0. 50258 0.04687 0.00035 0. 00018 -0. 0067679 
0. 237 0. 45214 0. 49901 0. 49935 0. 49917 0.04687 0.00034 0. 00016 -0. 0067628 
0. 240 0. 44878 0. 49565 0. 49597 0. 49580 0.04687 0.00032 0. 00015 -0. 0067580 
0. 243 Oo 44545 0. 49231 0. 49262 0. 49244 0.04687 0.00030 0. 00013 ->0 .  0067534 
0. 246 Oo 44214 0. 48900 0. 48929 0. 48912 0.04687 0.00029 0. 00011 -0. 0067490 
0. 249 0. 43885 0. 48572 0. 48599 0. 48581 0.04686 0.00027 0. 00010 -0. 0067448 
0. 252 0. 43560 0. 48245 0. 48271 0. 482 53 0.046 86 0.00026 0. 00008 -0. 0067409 
0. 255 0. 43237 0. 47921 0. 47945 0. 47928 0.04685 0.00024 0. 00007 "0 .  0067370 
0. 258 0. 42916 0. 47600 0. 47622 0. 47605 0.04684 0.00022 0. 00005 ~0. 0067334 
0. 261 Oo 42598 0. 47281 0. 47301 0. 47284 0.04683 0.00021 0. 00003 -0. 0067300 
0. 264 0. 42282 0. 46964 0. 46983 0. 46965 0.04681 0.00019 0. 00002 -0, 0067267 
Oe 267 0. 41969 0. 46649 0. 46666 0. 46649 0.04680 0.00018 0. 00000 -0. 0067235 
0. 270 0. 41658 0. 46336 0. 46352 0. 46335 0.04678 0.00016 Oc OOOOl -0. 0067 205 
0. 273 0. 41349 0. 46026 0. 46041 0. 46023 0.04677 0.00014 0. 00003 — 0 e 0067177 
0. 276 0. 41043 0. 45718 0. 45731 0. 45713 0.04675 0.00013 0. 00005 -0« 0067150 
0. 279 Oe 40739 0. 45412 0. 45423 0. 45406 0.04673 0.00011 0. 00006 -0. 0067123 
0. 282 0. 40438 0. 45109 0. 45118 0. 45101 0.04671 0.00010 0. 00008 "0. 0067098 
0. 285 0. 40139 0. 44807 0. 44815 0. 44798 0.04668 0.00006 0. 00009 -0. 0067074 
0. 288 0. 39842 0. 44508 0. 44514 0. 44497 0.04666 0.00006 0. 00011 -0. 0067052 
0. 291 0. 39547 0. 44210 0. 44215 0. 44198 0.04663 0.00005 0. 00013 -0. 0067029 
Oo 294 0. 39255 0. 43915 0. 43918 0. 43901 0.04660 0.00003 0. 00014 —0 « 0067009 
0. 297 0. 38964 0. 43622 0. 43623 0. 43606 0.04657 0.00002 0. 00016 -Oo 0066989 
0. 300 0. 38676 0. 43331 0. 43331 0. 43313 0.04654 0.00000 0. 00017 -0. 0066969 
TABLE 5 DIMENSIONLESS CONCENTRATION AS A FUNCTION OF DIMENSIONLESS TIME 
THE ASPECT RATIO FOR THE DATA WHICH FOLLOWS IS 7.5/1.0 
T CI C2 C3 C4 IC2-C1I IC2-C3I IC2-C4I DELTA LN(C: 
0. 003 0. 93820 0. 95744 0. 95926 0. 95921 0. 01925 0. 00182 0. 00176 —0 .  0434904 
0. 006 0. 91260 0. 93462 0. 93563 0. 93556 0. 02202 0. 00101 0. 00094 —0 « 0241292 
0. 009 0. 89295 0. 91608 0. 916 93 0. 91686 0. 02312 0. 00086 0. 00079 -0. 0200374 
0. 012 0. 87639 0. 90007 0. 90096 0. 90089 0. 02368 0. 00089 0. 00081 -0. 0176244 
0. 015 0. 86180 0. 88584 0. 88678 0. 88670 0. 02404 0. 00095 0. 00087 -0. 0159394 
0. 018 0. 84861 0. 87292 0. 87390 0. 87382 0. 02431 0. 00098 0. 00090 -0. 0146918 
0. 021 0. 83648 0. 86101 0. 86201 0. 86193 0. 02453 0. 00100 0. 00092 -0. 0137322 
0. 024 0. 82519 0. 84992 0. 85092 0, 85083 0. 02473 0. 00100 0. 00092 -0 « 0129709 
0. 027 Oo 81459 0. 83948 0. 84043 0. 84039 0. 02490 0. 00099 0. 0009.1 — 0» 0123512 
0. 030 0. 80456 0. 82961 0. 83059 0, 83050 0. 02505 0. 00098 0. 00089 -0. 0118355 
0. 033 0. 79502 0. 82020 0. 82117 0. 82108 0. 02519 0, 00096 0. 00088 -0. 0113986 
0. 036 0. 78591 0. 81121 0. 81216 0. 81207 0. 02531 0, 00095 0. 00086 -0. 0110230 
0. 039 0. 77716 0. 80258 0. 80351 0. 80342 0. 02542 0. 00093 0. 00084 -0. 0106958 
0. 042 0. 76875 0. 79427 0. 79518 0. 79509 0. 02552 0. 00091 0. 00082 -0. 0104080 
0. 045 0. 76063 0. 78625 0. 78714 0. 78705 0. 02562 0. 00089 0. 00080 -0. 0101525 
0. 048 0. 75278 0. 77849 0. 77936 0. 77927 0. 02570 0. 00087 0. 00078 ~0. 0099241 
0. 051 0. 74518 0. 77096 0. 77181 0. 77172 0. 02578 0. 00085 0. 00076 -Oe 0097184 
0. 054 0. 73779 0. 76364 0. 76448 0. 76439 0. 02585 0. 00084 0. 00075 -0. 0095324 
0. 057 0. 73060 0. 75653 0. 75735 0. 75725 0. 02592 0. 00082 0. 00073 —0. 0093631 
0. 060 0. 72360 0. 74959 0. 75040 0. 75030 0. 02599 0. 00081 Oc 00071 "O» 0092085 
0. 063 0. 71678 0, 74283 0. 74362 0. 74352 0. 02605 0. 00079 0, 00070 -0. 0090669 
0. 066 0. 71011 0. 73622 0. 73699 0. 73690 0. 02610 0. 00078 0. 00068 -0. 0089365 
0. 069 0. 70360 0. 72975 0. 73052 0. 73042 0. 02616 0. 00076 0. 00067 -0. 0088163 
0. 072 0. 69722 0. 72343 0. 72418 0. 72408 0. 02621 0. 00075 0. 00065 — Os 0087051 
0. 075 0. 69098 0. 71723 0. 71797 0. 71787 0. 02625 0. 00074 0. 00064 — On 0086020 
TABLE 5. (CONTINUED) 
THE ASPECT RATIO FOR THE DATA WHICH FOLLOWS IS 7.5/1.0 
T CI C2 C3 C4 IC2-C1I |C2-C3| |C2-C4| DELTA LNÎC2) 
— — — —  •MO-O 
— — — -
0. 078 0. 68486 0. 71116 0. 71188 0. 71179 0. 02630 0. 00072 0. 00063 -0. 0085061 
0. 081 0. 67886 0. 70520 0. 70591 0. 70581 0. 02634 0. 00071 0. 00062 -0. 0084169 
0. 084 0. 67296 0. 69935 0. 70004 0. 69995 0. 02638 0. 00070 0. 00060 -0. 0083337 
0. 087 0. 66718 0. 69360 0. 6942 8 0. 69419 0. 02642 0. 00069 0. 00059 -0. 0082561 
0. 090 0. 66149 0. 68794 0. 68862 0. 68852 0. 02646 0. 00068 0. 00058 -0. 0081834 
0. 093 0. 65589 0. 68238 0. 68305 0. 68295 0. 02649 0. 00067 0. 00057 -0. 0081153 
0. 096 0, 65039 0. 67691 0. 67757 0. 67747 0. 02652 0. 00066 0. 00056 -0. 0080515 
0. 099 0. 64497 0. 67152 0. 67217 0. 67207 0. 02656 0. 00065 0. 00055 -0. 0079916 
0. 102 0. 63963 0. 66621 0. 66685 0. 66676 0. 02659 0. 00064 0. 00054 -0. 0079354 
0. 105 0. 63437 0. 66098 0. 66161 0. 66152 0. 02662 0. 00063 0. 00053 — 0 « 0078825 
0. 108 0. 62918 0. 65583 0. 65645 0. 65635 0. 02665 0. 00062 0. 00052 -0. 0078327 
0. 111 0. 62407 0. 65074 0. 65135 0. 65125 0. 02667 0. 00061 0. 00051 —0 ,  0077858 
0. 114 0. 61902 0. 64572 0. 64632 0. 64623 0. 02670 0. 00060 0. 00050 —0. 0077417 
0. 117 0. 61404 0. 64077 0. 64136 0. 64126 0. 02673 0. 00059 0. 00050 — 0» 0077000 
0. 120 0, 60913 0. 63588 0, 63646 0. 63637 0. 02675 0. 00058 0. 00049 — 0 e 0076608 
0. 123 0. 60427 0. 63105 0. 63162 0. 63153 0. 02678 0. 00057 0. 00048 — Oo 0076237 
0. 126 0. 59948 0. 62628 0. 62685 0. 62675 0. 02680 0. 00057 0. 00047 -0. 0075887 
0. 129 0. 59474 0. 62156 0. 62212 0. 62203 0. 02682 0. 00056 0. 00046 -0. 0075557 
0. 132 0. 59006 0. 61691 0. 61745 0. 61736 0. 02684 0. 00055 0. 00045 -0» 0075245 
0. 135 0. 5 8544 0. 61230 0. 61284 0. 61274 •0. 02686 0. 00054 0. 00044 — Oo 0074950 
0. 138 0. 58086 0. 60774 0. 60828 0. 60818 0. 02688 0. 00053 0. 00044 "0. 0074671 
0. 141 0. 57634 0. 60324 0. 60376 0. 60367 0. 02690 Oo 00052 0. 00043 -0. 0074408 
0. 144 0. 57186 0. 59878 0. 59930 0. 59920 0. 02692 0. 00052 0. 00042 ~0. 0074158 
0. 147 0. 56743 0. 59437 0. 59488 0. 59478 0. 02694 0. 00051 0. 00041 -0. 0073922 
0. 150 0. 56305 0. 59001 0. 59051 0. 59041 0. 02696 0. 00050 0. 00040 — 0 o 0073699 
TABLE 5. (CONTINUED) 
THE ASPECT RATIO FOR THE DATA WHICH FOLLOWS IS 7.5/1.0 
C2 C3 C4 IC2-C1I IC2-C3I |C2-C4| DELTA LN(C2) 
0. 153 0. 55871 0. 58569 0. 58618 0. 58608 
0. 156 0. 55442 0. 58141 0. 58189 0. 58179 
0. 159 0. 55017 0. 57718 0. 57765 0. 57755 
0. 162 0. 54596 0. 57298 0. 57345 0. 57335 
0. 165 0. 54179 0. 56883 0. 56928 0. 56919 
0. 168 0. 53767 0. 56471 0. 56516 0. 56506 
0. 171 0, 53358 0. 56064 0. 56108 0. 56098 
0. 174 0. 52953 0. 55660 0. 55703 0. 55693 
0. 177 0. 52551 0. 55260 0. 55302 0. 55292 
Oc 180 0. 52154 0. 54863 0. 54904 0. 54894 
0. 183 0. 51760 0. 54470 0. 54510 0. 54500 
0. 186 0. 51369 0. 54081 0. 54120 0. 54110 
0. 189 0. 50982 0. 53694 0. 53732 0. 53723 
0. 192 0. 50598 Oo 53311 0. 53349 0. 53339 
0. 195 0. 50218 0. 52932 0. 52968 0. 52958 
0. 198 0. 49841 0. 52555 0. 52590 0. 52581 
0. 201 0. 49467 0. 52182 0. 52216 0. 52206 
0. 204 0. 49096 0. 51812 0. 51845 0. 51835 
0. 207 0. 48729 0. 51444 0. 51477 0. 51467 
0. 210 0. 48364 0. 51080 0. 51111 0. 51102 
0. 213 0. 48002 0. 50719 0. 50749 0. 50739 
0. 216 0. 47644 0. 50360 0. 50390 0. 50380 
0. 219 0. 47288 0. 50005 0. 50033 0. 50023 
0. 222 0. 46936 0. 49652 0. 49679 0. 49670 
0. 225 0. 46586 0. 49302 0. 49328 0. 49319 
0. 02697 0. 00049 0. 00039 -0. 0073488 
0. 02699 0 o 00048 0, 00038 -0. 0073288 
0. 02701 0. 00047 0. 00038 -0. 0073099 
0. 02702 0. 00046 0. 00037 — 0» 0072920 
0. 02703 0. 00046 0. 00036 — 0, 0072751 
0. 02705 0. 00045 0. 00035 -0. 0072590 
0. 02706 0. 00044 0. 00034 -Oc 0072438 
0. 02707 0. 00043 0. 00033 -0. 0072294 
0. 02708 0. 00042 0. 00032 -0. 0072157 
0. 02709 0. 00041 0. 00031 -Oc 0072028 
0. 02710 0. 00040 0. 00030 -Oc 0071906 
0. 02711 0. 00039 0. 00029 -Oc 0071789 
0. 02712 0. 00038 Oc 00028 -Oc 0071680 
0. 02713 0. 00037 0. 00027 -Oc 0071575 
0. 02714 0. 00036 0. 00026 -Oc 0071476 
0. 02714 0. 00035 0. 00025 -0. 0071383 
0. 02715 0. 00034 0. 00024 »»o. 0071294 
0. 02715 0. 00033 0. 00023 -0. 0071210 
0. 02716 0. 00032 0. 00022 -Oc 0071130 
0. 02716 0. 00031 0. 00021 -Oc 0071055 
0. 02716 0. 00030 0. 00020 "0, 0070983 
0. 02716 0. 00029 0. 00019 -0. 0070915 
0. 02716 Oc 00028 0. oaoin — Oo 0070850 
0. 02716 0. 00027 0. 00017 -Oc 0070769 
0. 02716 0. 00026 0. 00016 — 0 c 0070731 
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TABLE 6. DIMENSIONLESS CONCENTRATION AS A FUNCTION OF DIMENSIONLESS TIME 
THE ASPECT RATIO FOR THE DATA WHICH FOLLOWS IS 10.0/1.0 
T CI C2 C3 C4 IC2-C1I IC2-C3I IC2-C4I DELTA LN(C 
0. 003 0. 93820 0. 95029 0. 95352 0. 95371 0. 01209 0. 00323 0. 00342 •^0. 0509921 
0. 006 0. 91260 0. 92718 0. 92887 0. 92909 0. 01458 0. 00169 0. 00191 -0. 0 246173 
0. 009 0. 89295 0. 90841 0. 90967 0. 90990 0. 01546 0. 00126 0. 00149 -0. 0204499 
0. 012 0. 87639 0. 89223 0. 89337 0. 89361 0. 01584 0. 00114 0. 00138 "-0. 0179666 
0. 015 0. 86180 0. 87787 0. 87897 0. 87921 0. 01607 0. 00110 0. 00134 —0, 0162328 
0. 018 0. 84861 0. 86484 0. 86591 0. 86616 0. 01623 0. 00107 0. 00132 —0» 0149522 
0. 021 0. 83648 0. 85284 0. 85389 0. 85414 0. 01636 0. 00105 0. 00130 -0. 0139692 
0. 024 0. 82519 0. 84167 0. 84269 0. 84294 0. 01647 0. 00102 0. 00127 -0. 0131905 
0. 027 0. 81459 0. 83116 0. 83216 0. 83241 0. 01658 0. 00099 0. 00125 -0. 0125571 
0. 030 0. 80456 0. 82123 0. 82219 0. 82245 0. 01667 0. 00096 0. 00122 *•0. 0120303 
0. 033 0. 79502 0. 81177 0. 81270 0. 81296 0. 01675 0. 00093 0. 00119 -0. 0115843 
0. 036 0. 78591 0. 80272 0. 80363 0. 80389 0. 01682 0. 00091 0. 00117 -0. 0112009 
0. 039 0. 77716 0. 79405 0. 79493 0. 79519 0. 01689 0. 00088 Oo 00114 -0. 0108673 
0. 042 0. 76875 0. 78570 0. 78656 0. 78682 0. 01695 0. 00086 0. 00112 —0 .  0105738 
0. 045 0. 76063 0. 77764 0. 77847 0. 77874 0. 01700 0. 00084 0, 00110 —0 .  0103135 
0. 048 0. 75278 0. 76984 0. 77065 0. 77092 0. 01705 0. 00082 0. 00108 -0. 0100808 
0. 051 0. 74518 0. 76227 0. 76307 0. 76333 0. 01710 0. 00080 0. 00106 -0. 0098715 
0. 054 0. 73779 0. 75493 0. 75571 0. 75597 0. 01714 0. 00078 0. 00104 -0. 0096822 
0. 057 0. 73060 0. 74778 0. 74854 0. 74881 0. 01718 0. 00076 0. 00103 -0. 0095101 
0. 060 0. 72360 0. 74082 0. 74157 0. 74183 0. 01722 0. 00074 0. 00101 —0 «  0093530 
0. 063 0. 71678 0. 73403 0. 73476 0. 73503 0. 01725 0. 00073 0, 00100 —0. 0092091 
0. 066 0. 71011 0. 72740 0. 72811 0. 72838 0. 01728 0. 00071 0. 00098 -0. 0090767 
0. 069 0. 70360 0. 72091 0. 72161 0. 72188 0. 01731 0. 00070 0. 00097 -0. 0089547 
0. 072 0. 69722 0. 71457 0. 71526 0. 71553 0. 01734 0. 00069 0. 00096 -0. 0088420 
0. 075 0. 69098 0. 70835 0. 70903 0. 70930 0. 01737 0. 00068 0. 00095 — 0 0  0087374 
TABLE 6. (CONTINUED) 
THE ASPECT RATIO FOR THE DATA WHICH FOLLOWS IS 10.0/1.0 
CI C2 C3 C4 IC2-C1I IC2-C3I |C2-C4( DELTA LN(C2» 
0. 078 0. 68486 0. 70226 0. 70292 0. 70319 0. 01740 0. 00066 0. 00093 -0. 0086404 
0. 081 0. 67886 0. 69628 0. 69693 0. 69720 0. 01742 0. 00065 0. 00092 -0. 0085501 
0. 084 0. 67296 0. 69041 0. 69105 0. 69132 0. 01744 0. 00064 0. 00091 -0. 0084659 
0. 087 0. 66718 0. 68464 0. 68527 0. 68555 0. 01747 0. 00063 0. 00090 -0. 0083874 
0, 090 0. 66149 0. 67897 0. 67960 0. 67987 0. 01749 0. 00062 0, 00089 -0. 0083140 
0. 093 0. 65589 0. 67340 0. 67401 0. 67428 0. 01751 0. 00061 Oo 00089 -0. 0082453 
0. 096 Oc 65039 0. 66791 0. 66851 0. 66879 0. 01753 0. 00060 0. 00088 -0. 0081809 
0. 099 0. 64497 0. 66251 0. 66310 0. 66338 0. 01754 0. 00059 Oc 00087 -0. 0081205 
0. 102 Oo 63963 0. 65719 0. 65777 0. 65805 0. 01756 0. 00059 0. 00006 -0. 0080638 
0. 105 0. 63437 0. 65195 0. 65252 0. 65280 0. 01758 0. 00058 0. 00085 —0® 0080105 
0. 108 0. 62918 0. 64678 0. 64735 0. 64762 0. 01760 0. 00057 0. 00084 -0. 0079605 
0. 111 0. 62407 0. 64168 0. 64224 0. 64251 0. 01761 0. 00056 0. 00084 -0. 0079133 
0, 114 0» 61902 0. 63665 0. 63720 0. 63748 0. 01763 0. 00055 0. 00083 -0. 0078690 
0. 117 0. 61404 0. 63169 0. 63223 0. 63251 0. 01764 0. 00055 0« 00082 -0» 0078272 
0. 120 0. 60913 0. 62678 0. 62732 0. 62760 0* 01766 0. 00054 0. 00081 -0. 0077878 
0. 123 0. 60427 0. 62195 0. 62248 0. 62275 0. 01767 0. 00053 0. 00081 -0. 0077507 
0. 126 0. 59948 0. 61717 0. 61769 0. 61796 0. 01768 0. 00052 0. 00080 -0. 0077157 
0. 129 0. 59474 0. 61244 0. 61296 0. 61323 0. 01770 0. 00051 0. 00079 -0. 0076826 
0. 132 0. 59006 0. 60777 0. 60828 0. 60856 0. 01771 0. 00051 0. 00078 -0. 0076514 
0. 135 0. 5 8544 0. 60316 0. 60366 0. 60393 0. 01772 0. 00050 0. 00078 -0. 0076220 
0. 136 0. 56086 0. 59860 0. 59909 0. 59936 0. 01774 0. 00049 0. 00077 — Oo 0075942 
0. 141 0. 57634 0. 59408 0. 59457 0. 59484 0. 01775 0. 00048 0. 00076 -0. 0075679 
0. 144 Oo 57186 0. 58962 0. 59009 0. 59037 0. 01776 0. 00048 0. 00075 —0, 0075431 
0. 147 0. 56743 0. 58520 0. 58567 0. 58595 0. 01777 0. 00047 0. 00075 -0. 0075196 
0. 150 0. 563 OS 0. 58083 0. 58129 0. 58157 0. 01778 0. 00046 0. 00074 — Oc 0074974 
TABLE 6. (CONTINUED) 
THE ASPECT RATIO FOR THE DATA WHICH FOLLOWS IS 10.0/1.0 
T CI C2 C3 C4 IC2-C1I |C2-C3| |C2-C4| DELTA LN(C2) 
0. ,153 0. 55871 0. 57650 0. 57696 0. 57723 0. 01779 0. 00045 0. 00073 —0. 0074764 
0. 156 0. 55442 0. 57222 0. 57267 0. 57294 0. 01780 0. 00045 0. 00072 -0. 0074566 
0. 159 0. 55017 0. 56798 0. 56842 0. 56870 0. 01781 0. 00044 0. 00071 —0 « 0074379 
0. 162 0. 54596 0. 56378 0. 56421 0. 56449 0, 01782 0. 00043 0. 00071 -0. 0074202 
0. 165 0. 54179 0. 55962 0. 56004 0. 56032 0. 01783 0. 00042 0. 00070 — Oe 0074034 
0. 168 0. 53767 0. 55550 0. 55592 0. 55620 0. 01784 0. 00041 0. 00069 -0. 0073875 
0. 171 0. 53358 0. 55142 0. 55183 0. 55211 0. 01785 0. 00040 0. 00068 -0. 0073725 
0. 174 0. 52953 0. 54738 0. 54778 0. 54806 0. 01785 0. 00040 0. 00067 -0» 0073583 
0. 177 0. 52551 0. 54338 0. 54376 0. 54404 0. 01786 0. 00039 0. 00067 •»-0 « 0073449 
Oo 180 0. 52154 0. 53941 0. 53979 0. 54006 0. 01787 0. 00038 0. 00066 —0 • 0073321 
0. 183 0. 51760 0. 53547 0. 53584 0. 53612 0. 01787 0. 00037 0. 00065 -0« 0073201 
0. 186 0. 51369 0. 53157 0. 53193 0. 53221 0. 01788 0. 00036 Oe 00064 —0. 0073087 
0. 189 0. 50982 0. 52771 0. 52806 0. 52834 0. 01789 0. 00035 0. 00063 —0« 0072979 
0. 192 0. 50598 0. 52388 0. 52422 0. 52450 0. 01789 0. 00034 0. 00062 -Oo 0072877 
0. 195 0. 50218 0. 52008 0. 52041 0. 52069 0. 01790 0. 00034 0. 00061 "0. 0072781 
0. 198 0. 49841 0. 51631 0. 51664 0. 51691 0. 01790 0. 00033 0. 00060 -0. 0072689 
0. 201 0. 49467 0. 51258 0. 51289 0. 51317 0. 01791 0. 00032 0. 00060 -0. 0072603 
0. 204 0. 49096 0. 50887 0. 50918 0. 50946 0. 01791 0. 00031 0. 00059 ~0. 0072521 
0. 207 0. 48729 0. 50520 0. 50550 0. 50577 0. 01791 0. 00030 0. 00058 -0, 0072443 
0. 210 0. 48364 0. 50156 0. 50184 0. 50212 0. 01791 0. 00029 0. 00057 ~0« 0072370 
0. 213 0. 48002 0. 49794 0. 49822 0. 49850 0. 01792 0. 00028 Oe 00056 -0. 0072300 
0. 216 Oe 47644 0. 49436 0. 49463 0. 49491 0. 01792 0. 00027 0« 00055 -0. 0072234 
0. 219 Ô. 47288 0. 49080 0. 49106 0. 49134 0. 01792 0. 00026 0. 00054 -0. 0072172 
0. 222 0. 46936 0. 48728 0. 48753 0. 48781 0. 01792 0. 00025 0. 00053 -0» 0072112 
0. 225 0. 46586 0. 48378 0. 48402 0. 48430 0. 01792 0. 00024 0. 00052 -0, 0072057 
TABLE 6. (CONTINUED) 
THE ASPECT RATIO FOR THE DATA WHICH FOLLOWS IS 10,0/1.0 
T CI C2 C3 C4 ICZ^Cll |C2-C3| |C2-C4| DELTA LN(C2» 
— 
0. 228 0, 46239 0. 48031 0. 48054 0. ,48082 0. 01792 0. 00023 0. 00051 -0. 0072003 
0. 231 0, 45894 0. 47686 0. 47709 0. 47736 0. 01792 0. 00022 0. 00050 —0. 0071953 
0. 234 0. 45553 0. 47345 0. 47366 0. 47394 0. 01792 0. 00021 0. 00049 ••0. 0071905 
0, 237 0, 45214 0. 47006 0. 47026 0. 47054 0. 01792 0. 00020 0. 00048 —0 • 0071861 
0. 240 0. 44878 0. 46669 0. 46689 0. 46716 0. 01791 0. 00019 0. 00047 —0« 0071818 
0. 243 0. 44545 0. 46336 0. 46354 0. 46382 0. 01791 0. 00018 0. 00046 -0. 0071777 
0. 246 0. 44214 0. 46004 0. 46022 0. 46049 0. 01791 0. 00017 0. 00045 -0. 0071739 
0. 249 0. 43885 0. 45676 0. 45692 0. 45720 0. 01790 0. 00016 0. 00044 -0. 0071702 
0. 252 0. 43560 0. 45349 0. 45365 0. 45393 0. 01790 0. 00015 0. 00043 -0. 0071668 
0. 255 0. 43237 0. 45026 0. 45040 0. 45068 0. 01789 0. 00014 0. 00042 -0. 0071635 
0. 258 Oo 42916 0. 44705 0. 44718 0. 44746 0. 01789 0. 00014 0. 00041 -0. 0071604 
0. 261 0. 42598 0. 44386 0. 44398 0. 44426 0. 01788 0. 00013 0. 00040 -0. 0071574 
0. 264 0. 42282 0. 44069 0. 44081 0. 44108 0. 01787 0. 00012 0. 00039 "0 a 0071546 
0. 267 0. 41969 0. 43755 0. 43766 0. 43793 0. 01786 0. 00011 0. 00038 -0. 0071520 
0. 270 0, 41658 0. 43444 0. 43453 0. 43481 0. 01786 0. 00010 0. 00037 -0. 0071495 
0. 273 0, 41349 0. 43134 0. 43143 0. 43170 0. 01785 0. 00009 0. 00036 •^0 s 0071471 
0. 276 0. 41043 0. 42827 0. 42835 0. 42862 0. 01784 0. 00008 0. 00035 —0» 0071448 
0. 279 0. 40739 0. 42522 0. 42529 0. 42556 0. 01783 0. 00007 0. 00034 -0. 0071427 
0. 282 0. 40438 0. 42220 0. 42225 0. 42253 0. 01782 0. 00006 0. 00033 —0 « 0071406 
0. 285 0. 40139 0. 41919 0. 41924 0. 41952 0. 01781 0. 00005 0. 00032 -0. 0071387 
0. 288 0. 39842 0. 41621 0. 41625 0. 41652 0. 01779 0. 00004 0. 00031 -0. 0071368 
0. 291 0. 39547 0. 41325 0. 41328 0. 41356 0. 01778 0, 00003 0. 00030 -0. 0071351 
0. 294 0. 39255 0. 41032 0. 41033 0. 41061 0. 01777 0. 00002 0. 00029 -0. 0071334 
0. 297 0. 38964 0. 40740 0. 40741 0. 40768 0. 01776 0. 00001 0. 00028 -0. 0071318 
0. 300 0. 38676 0. 40451 0. 40451 0. 40478 0. 01774 0. 00000 0. 00027 -0» 0071303 
TABLE 7. DIMENSIONLESS CONCENTRATION AS A FUNCTION OF DIMENSIONLESS TIME 
THE ASPECT RATIO FOR THE DATA WHICH FOLLOWS IS 25.0/1.0 
T CI C2 C3 C4 IC2-C1I IC2-C3I IC2-C4I DELTA LN(C 
0. ,003 0. .93820 0. 93992 0. 94323 0. 94317 0. 00172 0. 00331 0. 0032 5 —0« 0619593 
0. 006 0. 91260 0. 91571 0. 91771 0. 91765 0. 00312 0. 00200 0. 00194 -0. 0260930 
0. ,009 0. 89295 0. 89642 0. 89811 0. 89805 0. 00347 0. 00168 0. 00162 -0. 0212888 
0. 012 0. 87639 0. 88004 0. 88157 0. 88151 0. 00365 0. 00153 0. 00146 -0. 0184434 
0. 015 0. 86180 0. 86558 0. 86700 0. 86693 0. 00378 0. 00142 0. 00135 "0. 0165695 
0. 018 0. 84861 0. 85249 0. 85382 0. 85375 0. 00388 0. 00132 0. 00126 -0. 0152360 
0. 021 0. 83648 0. 84045 0. 84170 0. 84163 0. 00397 0. 00125 0. 00118 —0. 0142306 
0. 024 0. 82519 0. 82923 0. 83041 0. 83035 0. 00404 0. 00119 0. 00112 -0. 0134395 
0. 027 0. 81459 0. 81868 0. 81982 0, 81975 0. 00410 0. 00113 0. 00107 tO • 0127970 
0. 030 0. 80456 0. 80871 0. 80979 0. 80973 0. 00415 0. 00109 0. 00102 -0. 0122625 
0. 033 Oe 79502 0. 79921 0. 80026 0. 80019 0. 00419 0. 00104 0. 00098 -Oe 0118095 
0. 036 0. 78591 0. 79014 0. 79115 0. 79108 0. 00423 0. 00101 0. 00094 -0. 0114198 
0. 039 0. 77716 0. 78143 0. 78241 0. 78234 0. 00427 0. 00098 0. 00091 — Oo 0110804 
0. 042 0. 76875 0. 77305 0. 77400 0. 77393 0. 00430 Oo 00095 0. 00088 -0. 0107819 
0. 045 0. 76063 0. 76496 0. 76588 0. 76582 0. 00433 0. 00092 Oo 00086 -Oo 0105169 
0. 048 0. 75278 0. 75714 0. 75804 0. 75797 0. 00435 0. 00090 0. 00083 -Oo 0102801 
0. 051 0. 74518 0. 74956 0. 75043 0. 75036 0. 00438 0. 00087 0. 00081 -Oo 0100672 
Go 054 0. 73779 0. 74219 0. 74304 0. 74298 0. 00440 0. 00085 0. 00079 -0. 0098746 
0. 057 0. 73060 0. 73503 0. 73586 0. 73579 0. 00442 0. 00083 0. 00077 -0. 0096996 
0. 060 0. 72360 0. 72805 0. 72886 0. 72880 0. 00444 0. 00082 0. 00075 -0« 0095399 
0. 063 0. 71678 0. 72124 0. 72204 0. 72197 0. 00446 0. 00080 0. 00073 -0. 0093937 
0. 066 0. 71011 0. 71459 0. 71538 0. 71531 0. 00448 0. 00078 0. 00072 -0. 0092593 
0. 069 0. 70360 0. 70809 0. 70886 0. 70880 0. 00450 0. 00077 0. 00070 -OO 0091355 
0. 072 0. 69722 0. 70174 0. 70249 0. 70242 0. 00451 0. 00075 0. 00069 -0. 0090211 
Oo 075 0. 69098 0- 69551 0. 69625 0. 69618 0. 00453 Oo 00074 0. 00067 -0. 0089152 
TABLE 7. (CONTINUED) 
THE ASPECT RATIO FOR THE DATA WHICH FOLLOWS IS 25.0/1.0 
T CI C2 C3 C4 IC2-C1I IC2-C3I IC2-C4I DELTA LN(C 
0. 078 0. 68486 0. 68940 0. 69013 0. 69006 0. 00454 0. 00073 0. 00066 -0. 0088169 
0. 081 0. 67886 0. 68341 0. 68413 0. 68406 0. 00455 0. 00071 0. 00065 -0. 0087255 
0. 084 0, 67296 0. 67753 0. 67823 0. 67817 0. 00457 0. 00070 0. 00064 -0. 0086404 
0. 087 0. 66718 0. 67176 0. 67245 0. 67238 0. 00458 0. 00069 0. 00062 -0. 0085610 
0. 090 0, 66149 0. 66608 0. 66676 0. 66669 0. 00459 0. 00068 0. 00061 -0. 0084869 
0. 093 0. 65589 0. 66050 0. 66116 0. 66110 0. 00461 0. 00067 0. 00060 -0. 0084176 
0. 096 0. 65039 0. 65500 0. 65566 0. 65559 0. 00462 0. 00066 0. 00059 -0. 0083528 
0. 099 0. 64497 0. 64959 0. 65024 0. 65017 0. 00463 0. 00064 0. 00058 -0. 0082920 
0. 102 0. 63963 0. 64427 0. 64490 0. 64483 0. 00464 0. 00063 0. 00057 -0. 0082350 
0. 105 0. 63437 0. 6 3902 0. 63964 0. 63957 0, 00465 0. 00062 Co 00056 -0. 0081815 
0. 108 0. 62918 0. 63384 0. 63446 0. 63439 0. 00466 0. 00061 0. 00055 —0. 0081313 
Oo 111 0. 62407 0. 62874 0. 62934 0. 62928 0. 00467 0. 00060 0. 00054 "0. 0080841 
0. 114 0. 61902 0. 62370 0. 62430 0. 62423 0. 00468 0. 00059 0. 00053 -0. 0080397 
0. 117 0. 61404 0. 61874 Oc 61932 0. 61925 0. 00469 0. 00058 0. 00052 -0. 0079980 
0. 120 0. 60913 0. 61383 0. 61441 0. 61434 0. 00470 0. 00057 0. 00051 -0. 0079587 
0. 123 0. 60427 0. 60899 0. 60955 0. 60949 0. 00471 0. 00056 0. 00050 -0. 0079217 
0. 126 0. 59948 0. 60420 0. 60476 0. 60469 0. 00472 0. 00056 0. 00049 -0. 0078868 
0. 129 0. 59474 0. 59948 0. 60002 0. 59996 0. 00473 0. 00055 0. 00048 -0. 0078540 
0. 132 0. 59006 0. 59481 0. 59534 0. 59528 0. 00474 0. 00054 0. 00047 -0. 0078230 
0. 135 0. 58544 0. 59019 0. 59071 0. 59065 0. 00475 0. 00053 0. 00046 -0. 0077939 
0. 138 0. 58086 0. 58562 0. 58614 0. 58607 0. 00476 0. 00052 0. 00045 -0. 0077664 
0. 141 0. 57634 0. 58111 0. 58161 0. 58155 0. 00477 0. 00051 0. 00044 -0. 0077404 
0. 144 0. 57186 0. 57664 0. 57714 0. 57707 0. 00478 0. 00050 0. 00043 —0® 0077160 
0. 147 0. 56743 0. 57222 0. 57271 0. 57264 0. 00479 0. 00049 0. 00042 -0. 0076929 
0. 150 0. 56305 0. 56785 0. 56833 0. 56826 0. 00480 0. 00048 0. 00041 —0 .  0076711 
TABLE 7. (CONTINUED) 
THE ASPECT RATIO FOR THE DATA WHICH FOLLOWS IS 25.0/1.0 
T CI C2 C3 C4 IC2-C1I IC2-C3I IC2-C4I DELTA LN(C 
0. 153 0. 55871 0. 56352 0. 56399 0.56392 0. 00481 0. 00047 0. 00040 — 0. 0076505 
0. 156 0. 55442 0. 55924 0. 55970 0. 55963 0. 00482 0. 00046 0. 00039 -0. 0076311 
0. 159 0. 55017 0. 55500 0. 55545 0. 55538 0. 00482 0. 00045 0. 00039 -0. 0076128 
0. 162 0. 54596 0. 55080 0. 55124 0. 55117 0. 00483 0. 00044 0. 00038 -0. 0075955 
0. 165 0. 54179 0. 54664 0. 54707 0. 54700 0. 00484 0. 00043 0. 00037 -0. 0075792 
0. 168 0. 53767 0. 54252 0. 54294 0. 54288 0. 00485 0. 00042 0. 00036 —0. 0075637 
0. 171 0. 53358 0. 53844 0. 53885 0. 53879 0. 00486 0. 00041 0. 00035 -0. 0075492 
0. 174 0. 52953 0. 53440 0. 53480 0. 53473 0. 00487 0. 00040 0. 00034 -0. 0075354 
0. 177 0. 52551 0. 53039 0. 53079 0. 53072 0. 00488 0. 00040 0. 00033 —0 « 0075224 
0. 180 0. 52154 0. 52642 0. 52681 0. 52674 0. 00488 0. 00039 0. 00032 —0® 0075102 
0. 183 0. 51760 0. 52249 0. 52287 0. 52280 0. 00489 0. 00038 0. 00031 -0. 0074986 
0. 186 0. 51369 0. 51859 0. 51896 0. 51889 0. 00490 0. 00037 0. 00030 -0. 0074876 
0. 189 0. 50982 0. 51473 0. 51509 0. 51502 0. 00491 0. 00036 0. 00029 -0. 0074773 
0. 192 0. 50598 0. 51090 0. 51125 0. 51118 0. 00492 0. 00035 0. 00028 -0. 0074675 
0. 195 0. 50218 0. 50710 0. 50744 0. 50737 0. 00492 0. 00034 0. 00027 - 0 .  0074583 
0. 198 0. 49841 0. 50334 0. 50367 0. 50360 0. 00493 0. 00033 0. 00026 -0. 0074495 
0. 201 0. 49467 0. 49961 0. 49993 0. 49986 0. 00494 0. 00032 0. 00025 -0. 0074413 
0. 204 0. 49096 0. 49591 0. 49622 0. 49615 0. 00495 0. 00031 0. 00024 -0, 0074335 
0. 207 0. 48729 0. 49224 0. 49254 0. 49247 0. 00495 0. 00030 0. 00023 -0. 0074261 
0. 210 0. 48364 0. 48860 0. 48889 0. 48882 0. 00496 0. 00029 0. 00022 —0 .  0074192 
0. 213 0. 48002 0. 48499 0. 48527 0. 48520 0. 00497 0. 00028 0. 00021 -0. 0074126 
0. 216 0. 47644 0. 48141 0. 48168 0. 48162 0. 00497 0. 00027 0. 00020 -0. 0074064 
0. 219 0. 47288 0. 47786 0. 47812 0. 47806 0. 00498 0. 00026 0. 00019 -0. 0074005 
0. 222 0. 46936 0. 47434 0. 47459 0. 47453 0. 00499 0. 00025 0. 00018 -0. 0073949 
0. 225 0. 46586 0. 47085 0. 47109 0. 47102 0. 00499 0. 00024 0. 00017 -0. 0073897 
TABLE 7. (CONTINUED) 
THE ASPECT RATIO FOR THE DATA WHICH FOLLOWS IS 25.0/1.0 
T CI C2 C3 C4 IC2-C1I IC2-C3I IC2-C4I DELTA LN(C, 
0. 228 0. ,46239 0. 46739 0,46762 0. 46755 0. 00500 0. 00023 0. 00016 -0. 0073847 
0. 231 0.45894 0. 46395 0. 46417 0. 46410 0. 00501 0. 00022 0. 00015 -0. 0073800 
0. 234 0. 45553 0. 46054 0. 46075 0. 46068 0. 00501 0. 00021 0. 00014 -0. 0073755 
0. 237 0. 45214 0. 45716 0. 45736 0. 45729 0. 00502 0. 00020 0. 00013 —0. 0073713 
0. 240 0. 44878 0. 45380 0. 45399 0. 45393 0. 00502 0. 00019 0. 00012 -0. 0073673 
0. 243 0. 44545 0. 45047 0. 45065 0. 45059 0. 00503 0. 00018 0. 00011 "0. 0073636 
0. 246 0. 44214 0. 44717 0. 44734 0. 44727 0. 00503 0. 00017 0. 00010 -0. 0073600 
0. 249 0. 43885 0. 44389 0. 44405 0. 44399 0. 00504 Oo 00016 0. 00010 -0. 0073566 
0. 252 0. 43560 0. 44064 0. 44079 0. 44073 0. 00504 0. 00015 0. 00009 -0. 0073534 
0. 255 0. 43237 0. 43741 0. 43755 0. 43749 0. 00505 Oc 00014 0. 00008 -0. 0073504 
0. 258 0. 42916 0. 43421 0. 43434 0. 43428 0. 00505 0. 00013 0. 00007 "^0. 0073475 
0. 261 0. 42598 0. 43103 0. 43116 0. 43109 0. 00506 0. 00012 0. 00006 -0. 0073448 
0. 264 0. 42282 0. 42788 0. 42799 0. 42793 0. 00506 0, 00011 0. 00005 -0. 0073423 
0. 267 0. 41969 0. 42475 0. 42485 0. 42479 0. 00506 0. 00010 0. 00004 —0. 0073398 
0. 270 0. 41658 0. 42165 0. 42174 0. 42167 0. 00507 0. 00009 0. 00003 -0. 0073375 
0. 273 0. 41349 0. 41856 0. 41865 0. 41858 0. 00507 0. 00008 0. 00002 -0. 0073353 
0. 276 0. 41043 0. 41551 0. 41558 0. 41552 0. 00507 0. 00007 0. 00001 -0. 0073332 
0. 279 0. 40739 0. 41247 0. 41254 0. 41247 0. 00508 0. 00006 0. 00000 -0» 0073312 
0. 282 0. 40438 0. 40946 0. 40951 0. 40945 0. 00508 0. 00006 0. 00001 -0. 0073294 
0. 285 0. 40139 0. 40647 0. 40652 0. 40645 0. 00508 0. 00005 0. 00002 -0. 0073276 
0. 288 0. 39842 0. 40350 0. 40354 0. 40348 0. 00508 0. 00004 0. 00003 -0. 0073259 
0. 291 0. 39547 0. 40056 0. 40059 0. 40052 0. 00509 0. 00003 0. 00004 —0. 0073243 
0. 294 0. 39255 0. 39764 0. 39765 0. 39759 0. 00509 0. 00002 0. 00005 -0. 0073228 
0. 297 0. 38964 0. 39474 0. 39474 0. 39468 0. 00509 0. 00001 0. 00006 -0. 0073214 
0. 300 0. 38676 0. 39186 0. 39186 0. 39179 0. 00509 0. 00000 0. 00006 -0. 0073200 
TABLE 8. DIHENSIONLESS CONCENTRATION AS A FUNCTION OF DIMENSlONLESS TIME 
THE ASPECT RATIO FOR THE DATA WHICH FOLLOWS IS 50.0/1.0 
T Cl C2 C3 C4 IC2-C1I IC2-C3I IC2-C4I DELTA LN(C 
0. ,GG3 0. ,93820 0.93634 0. ,94013 0. 94014 0.00186 0.00379 G. 00380 -0. 0657800 
0. ,006 0. ,91260 0. 91226 G. 91454 0. 91455 0.00033 0.00228 0. 00229 -0. 0260466 
0, ,009 0, ,89295 G. 89304 G. 89490 0. 89491 0.00008 0.00187 G. 00188 -0. 0213003 
0. 012 Oe 87639 G. 87670 G. 87835 G. 87836 G.00030 0.00165 0. 00166 -0. 0184687 
0. ,015 0. 86180 G. 86226 G. 86376 G. 86377 0.00046 0.00150 0. 00151 -0. 0166018 
G. 018 0. 84861 0. 84919 G. 85057 0. 85058 0.00058 0.00138 0. 00139 "0. 0152720 
G. 021 0. 83648 G. 83716 G. 83844 0. 83845 0.00068 0.00128 0. 00129 —0. 0142685 
0. 024 0. 82519 0. 82595 G. 82715 0. 82716 0.00076 0.00120 G. 00121 -0. 0134783 
0. 027 G. 81459 0. 81542 G. 81655 0. 81656 0.00083 0.00113 0. 00114 •*0 .  0128362 
0. 030 0. 80456 0. 80545 0. 80652 0. 80653 0.00089 0.00107 0. 00108 -0. 0123020 
0. 033 G. 79502 G. 79596 G. 79698 G. 79699 0.00094 0.00102 0. 00103 —0 .  0118491 
0. 036 0. 78591 0. 78689 0. 78787 0. 78788 0.00099 0.00097 0. 00098 -0. 0114594 
0. 039 0. 77716 G. 77819 0. 77913 0. 77914 0.00103 0.00093 G. 00094 —0 « 0111200 
0. 042 0. 76875 G. 76982 G. 77071 G. 77072 0.00106 0.00090 G. 00091 ~0. 0108214 
0. 045 0. 76063 0. 76173 0. 76260 0. 76261 0.00110 0.00087 G. 00088 -G. 0105565 
G. 048 0. 75278 0. 75391 G. 75475 0. 75476 0.00113 0.00084 G. 00085 -0. 0103197 
0. 051 0. 74518 0. 74633 G. 74714 0. 74715 0.00115 0.00061 G. 00082 -0. 0101068 
0. 054 0. 73779 0. 73897 0. 73975 0. 73976 0.00118 0.00079 0. 00080 —G. 0099143 
0. 057 G. 73060 G. 73181 G. 73257 0. 73258 0.00120 0.00076 0. 00077 -0. 0097393 
0. 060 G. 72360 G. 72483 G. 72557 0. 72558 0.00122 0.00074 G. 00075 -0. 0095798 
0. 063 0. 71678 0. 71802 G. 71874 0. 71875 0.00124 0.00072 0. 00073 -'G. 0094336 
0. 066 0. 71011 0. 71138 G. 71208 0. 71209 0.00126 0.00070 0. 00071 -0. 0092994 
0. 069 0. 70360 0. 70488 G. 70556 0. 70557 0.00128 0.00069 0. 00070 -0. 0091757 
0. 072 0. 69722 0. 69852 G. 69919 G. 69920 0.00130 0.00067 0. 00068 -0. 0090614 
0. 075 0. 69098 0. 69229 G. 69295 0. 69296 0.00131 0.00065 0. 00066 -0. 0089557 
TABLE 8. (CONTINUED) 
THE ASPECT RATIO FOR THE DATA WHICH FOLLOWS IS 50.0/1.0 
C2 C3 C4 IC2-C1I IC2-C3I |C2-C4| DELTA LN(C2) 
0. 078 0. 68486 0. 68619 0. 68683 0. 68684 0. 00133 0. 00064 0. 00065 0088575 
0. 081 0. 67886 0. 68020 0. 68082 0. 68083 0. 00134 0. 00063 0. 00064 — Oe 0087663 
0. 084 0. 67296 0. 67432 0. 67493 0. 67494 0. 00135 0. 00061 0. 00062 —0» 0086814 
0. 087 0. 66718 0. 66854 0. 66914 0. 66915 0. 00137 0. 00060 0. 00061 -0. 0086022 
0. 090 0. 66149 0. 66287 0. 66345 0. 66346 0. 00138 0. 00059 0. 00060 -0. 0085283 
0. 093 0. 65589 0. 65728 0. 65786 0. 65787 0. 00139 0. 00058 0. 00059 -0. 0084591 
0. 096 0. 65039 0. 65179 0. 65235 0. 65236 0. 00140 0. 00056 0. 00057 -0. 0083945 
0. 099 0. 64497 0. 64638 0. 64693 0. 64694 0. 00141 0. 00055 0. 00056 — Oe 0083339 
0. 102 0. 63963 0. 64105 0. 64159 0. 64160 0. 00142 0. 00054 0. 00055 —0. 0082771 
0. 105 0. 63437 0. 63580 0. 63633 0. 63634 0. 00143 0. 00053 0. 00054 — Oe 0082238 
0. 108 0. 62918 0. 63062 0. 63115 0. 63116 0. 00144 0. 00052 0. 00053 -0. 0081738 
0. 111 0. 62407 0. 62552 0. 62603 0. 62604 0. 00145 0. 00051 0. 00052 —0. 0081268 
0. 114 0. 61902 0. 62048 0. 62099 0. 62100 0. 00146 0. 00050 0. 00051 -0. 0080826 
0. 117 0. 614 04 0. 61552 0. 61601 0. 61602 0. 00147 0. 00049 0. 00050 —0. 0080411 
0. 120 0. 60913 0. 61061 0. 61110 0. 61110 0. 00148 0. 00049 0. 00050 — Oo 0080020 
0. 123 0. 60427 0. 60577 0. 60624 0. 60625 0. 00149 0. 00048 0. 00049 -0. 0079652 
0. 126 0. 59948 0. 60098 0. 60145 0. 60146 0. 00150 0. 00047 0. 00048 - 0  «  0079306 
Oo 129 0. 59474 0. 59625 0. 59671 0. 59672 0. 00151 0. 00046 0. 00047 —0 • 0078980 
0. 132 0. 59006 0. 59158 0. 59203 0. 59204 0. 00152 0. 00045 0. 00046 -0. 0078672 
0. 135 0. 5 8544 0. 58696 0. 58740 0. 58741 0. 00153 0. 00044 0. 00045 —0. 0078383 
0. 138 0. 58086 0. 58239 0. 58283 0. 58284 0. 00153 0. 00043 0. 00044 —0. 0078110 
0. 141 0. 57634 0. 57788 0. 57830 0. 57831 0. 00154 0. 00042 0. 00043 —0. 0077852 
0. 144 0. 57186 0. 57341 0. 57383 0. 57384 0. 00155 0. 00042 0. 00043 —0. 0077610 
0. 147 0. 56743 0. 56899 0. 56940 0. 56941 0. 00156 0. 00041 0. 00042 —0. 0077381 
0. 150 0. 56305 0. 56462 0. 56502 0. 56503 0. 00157 0. 00040 0. 00041 -Oe 0077165 
TABLE 8. (CONTINUED) 
THE ASPECT RATIO FOR THE DATA WHICH FOLLOWS IS 50.0/1.0 
T CI C2 C3 C4 IC2-C1I IC2-C3I IC2-C4I DELTA LN(C; 
0. 153 0. 55871 0. 56029 0. 56068 0. 56069 0. 00157 0. 00039 0. 00040 —0» 0076961 
0. 156 0. 55442 0. 55600 0. 55639 0. 55640 0. 00158 0. 00038 0. 00039 -0. 0076769 
0. 159 0. 55017 0. 55176 0. 55214 0. 55215 0. 00159 0. 00037 0. 00038 -0. 0076588 
0. 162 0. 54596 0. 54756 0. 54793 0. 54794 0. 00160 0. 00037 0. 00038 -0. 0076417 
0. 165 0. 54179 0. 54340 0. 54376 0. 54377 0, 00161 0. 00036 0. 00037 -0. 0076256 
0. 168 0. 53767 0. 53928 0. 53963 0. 53964 0. 00161 0. 00035 0. 00036 -0 « 0076104 
0. 171 0. 53358 0. 53520 0. 53554 0. 53555 0. 00162 0. 00034 0. 00035 -0. 0075960 
0. 174 0. 52953 0. 53116 0. 53149 0. 53150 0. 00163 0. 00033 0. 00034 — 0» 0075824 
0. 177 0. 52551 0. 52715 0. 52748 0. 52749 0. 00164 0. 00033 0. 00034 -0. 0075696 
0. 180 0. 52154 0. 52318 0. 52350 0. 52351 0. 00165 0. 00032 0. 00033 -0. 0075575 
0. 183 0. 51760 0. 51925 0. 51956 0. 51957 0. 00165 0. 00031 0. 00032 ~0 • 0075461 
0. 186 0. 51369 0. 51535 0. 51565 0. 51566 0. 00166 0. 00030 0. 00031 -0« 0075354 
0. 189 0- 50982 0. 51149 0. 51178 0. 51179 0. 00167 0. 00029 0. 00030 ~0. 0075252 
0. 192 0. 50598 0. 50766 0. 50794 0. 50795 0. 00168 0. 00028 0 ® 00029 -0. 0075156 
0. 195 0. 50218 0. 50386 0. 50414 0. 50415 0. 00168 0. 00028 0. 00029 -0. 0075065 
0. 198 0. 49841 0. 50010 0. 50037 0. 50038 0. 00169 0. 00027 0. 00028 -0. 0074980 
0. 201 0. 49467 0. 49637 0. 49663 0. 49664 0. 00170 0, 00026 Oc 00027 -0. 0074899 
0. 204 0. 49096 0. 49267 0. 49292 0. 49293 0. 00170 0. 00025 0. 00026 -0. 0074823 
0. 207 0. 48729 0. 48900 0. 48924 0. 48925 0. 00171 0. 00024 0. 00025 -0. 0074751 
0. 210 0. 48364 0. 48536 0. 48559 0. 48560 0. 00172 0. 00023 0. 00024 -0. 0074683 
0. 213 0. 48002 0. 48175 0. 48198 0. 48199 0. 00173 0. 00023 0. 00024 -0. 0074618 
0. 216 0. 47644 0. 47817 0. 47839 0. 47840 0. 00173 0. 00022 0. 00023 —0 « 0074558 
0. 219 0. 47288 0. 47462 0. 47483 0. 47484 0. 00174 0. 00021 0. 00022 —0. 0074501 
0. 222 0. 46936 0. 47110 0. 47130 0. 47131 0. 00175 0. 00020 0. 00021 -0. 0074447 
0. 225 0. 46586 0. 46761 0. 46780 0. 46781 0. 00175 0. 00019 0. 00020 -0. 0074395 
TABLE 8. (CONTINUED) 
THE ASPECT RATIO FOR THE DATA WHICH FOLLOWS IS 50.0/1.0 
T CI C2 C3 C4 IC2-C11 IC2-C3I 1C2-C4I DELTA LN(C; 
0. 228 0. 46239 0. 46415 0. 46433 0. 46434 0. 00176 0. 00018 0.00019 '0. 0074347 
0. 231 0. 45894 0. 46071 0. 46089 0. 46090 0. 00177 0. 00018 0.00019 -0. 0074302 
0. 234 0. 45553 0. 45730 0. 45747 0. 45748 0. 00177 0. 00017 0.00018 -0. 0074259 
0. 237 0. 45214 0. 45392 0. 45408 0. 45409 0. 00178 0. 00016 0.00017 -0. 0074218 
0. 240 0. 44878 0. 45057 0. 45072 0. 45073 0. 00179 0. 0001,5 0.0001.6 "0. 0074180 
0. 243 0. 44545 0. 44724 0. 44738 0. 44739 0. 00179 0. 00014 0(00015 -0. 0074 144 
0. 246 Oc 442 14 0. 44394 0. 44407 0. 44408 0. 00180 0. 00014 0.00015 -0. 0074109 
0. 249 0. 43885 0. 44066 0. 44079 0. 44080 0. 00181 0. 00013 0.00014 -0. 0074077 
0. 252 0. 43560 0. 43741 0. 43753 0. 43754 0. 00181 0. 00012 0.00013 -- 0 0 007404 6 
0. 255 0. 43237 0. 43418 0. 43430 0. 43431 0. 00182 0. 00011 0,00012 -0. 0074018 
0. 258 0. 42916 0. 43098 0. 43109 0. 43110 0. 00182 0, 00010 0.00011 —0 « 0 073990 
0. 261 0« 42598 0. 42781 0. 42790 0. 42791 0. 00183 0. 00010 0.00011 -0. 0073964 
0. 264 0. 42282 0. 42466 0. 42v74 0. 42475 0. 00183 0. 00009 0.00010 "0. 0073940 
Oo 267 0. 41969 0. 42153 0. 42161 0. 42162 0. 00184 0. 00008 0.00009 -0. 0073917 
0. 270 0. 41658 0. 41842 0. 41850 0. 41851 0. 00185 0. 00007 0.00006 -0. 0073896 
0. 273 0. 41349 0. 41535 0. 41541 0. 41542 0. 00185 0. 00007 0.00008 - 0. 0073875 
0. 276 0. 41043 0, 41229 0. 41235 0. 41236 0. 00186 0. 00006 O c  0 0 0 0 7  -0. 0073855 
0. 279 0. 40739 0. 40926 0. 40931 0. 40932 0. 00186 0. 0 0 0 0 5  0 . 0 0 0 0 6  ~ 0 .  0073837 
0. 282 0. 40438 0. 40625 0. 40629 0. 40630 0. 00187 0. 00004 0 . 0 0 0 0 5  - 0 .  0073820 
0. 285 0. 40139 0. 40326 0. 40329 0. 40330 0. 00187 Oc 00004 0 . 0 0 0 0 5  - 0 .  0073803 
0. 288 0. 39842 0. 40029 0. 40032 0. 40033 0. 00188 0 .  0 0 0 0 3  0.00004 -0. 0 0 7 3 7 8 8  
0. 291 0. 39547 0. 39735 0. 39737 0. 39738 Oo 00188 0. 00002 0.0000% - 0 .  0073773 
0. 294 0. 39255 0. 39443 0. 39445 0. 39446 0. 00188 0. 00001 0.0000% -0. 0 0 7 3 7 5 9  
0. 297 0. 38964 0. 39153 0. 39154 0. 39155 0. 00189 0. 0 0 0 0 1  0 . 0 0 0 0 - -0. 0073746 
0. 300 0. 38676 0. 38866 0. 38866 0. 38867 0. 00189 0. 0 0 0 0 0  0 . 0 0 0 0 1  - 0 .  0 0 7 3 7 3 4  
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TABLE 9. VALUES USED FOR LAGRANGIAN INTERPOLATION 
L/D c T2 C2 T3 C3 T4 C4 
5. 0 0. 80 0. 039 0. 819173 0. 039 0. 820751 0. 039 0. 620606 
5. 0 0. 80 0. 042 0. 811026 0. 042 0. 812584 0. 042 a.  812437 
5. 0 0. 80 0. 045 0. 803154 0. 045 0. 804689 0. 045 0. 804541 
5. 0 0. 80 0. 048 0. 795529 0. 048 0. 797040 Q. 048 Oo 796890 
5. 0 0. 80 0. 051 0. 788131 0. 051 0. 789616 0. 051 0. 789465 
5. 0 0. 75 0. 060 0. 767108 0. 060 0. 768514 0. 060 0. 768360 
5. 0 0. 75 0. 063 0. 760443 0. 063 0. 761823 0. 0S3 0. 761668 
5. 0 0. 75 0. 066 0. 753930 0. 066 0. 755284 0. 066 0. 755128 
5. 0 0. 75 0. 069 0. 747558 0. 069 0. 748887 0. 069 0. 748729 
5. 0 0. 75 0. 072 0. 741319 0. 072 0. 742622 0. 072 0. 742464 
5. 0 0. 70 0. 087 0. 711855 0. 087 0. 713040 0. 087 0. 712879 
5. 0 0. 70 0. 090 0. 706266 0. 090 0. 707430 0. 090 0. 707268 
5. 0 0. 70 0. 093 0. 700768 0. 093 0. 701910 0. 093 0. 701747 
5. 0 0. 70 0. 096 0. 695355 0. 096 0. 696476 0. 096 0. 696313 
5. 0 0. 70 0. 099 0. 690024 0. 099 0. 691124 0. 099 0. 690960 
5. 0 0. 65 0. 114 0. 664478 0. 117 0. 660555 0. 117 0. 660389 
5. 0 0. 65 0. 117 0. 659571 0. 120 0. 655691 0. 120 0. 655524 
5. 0 0. 65 0. 120 0. 654725 0. 123 0. 650886 0. 123 0. 650719 
5. 0 0. 65 0. 123 0. 649938 0. 126 0. 646139 0. 126 0. 645971 
5. 0 0. 65 0. 126 0. 645208 0. 129 0. 641447 0. 129 0. 641279 
5. 0 0. 60 0. 150 0. 609218 0. 150 0. 610015 0. 150 0. 609845 
5. 0 0. 60 0. 153 0. 604928 0. 153 0. 605709 0. 153 0. 605539 
5. 0 0. 60 0. 156 0. 600680 0. 156 0. 601446 0. 156 0. 601275 
5. 0 0. 60 0. 159 0. 596474 0. 159 0. 597223 0. 159 0. 597052 
5. 0 0. 60 0. 162 0. 592307 0. 162 0. 593041 0. 162 0. 592870 
5. 0 0. 55 0. 186 0. 560314 0. 186 0. 560921 0. 186 0. 560748 
5. 0 0. 55 0. 189 0. 556470 0. 189 0. 557061 0. 189 0. 556888 
5. 0 0. 55 0. 192 0. 552658 0. 192 0. 553234 0. 192 0. 553061 
5. 0 0. 55 0. 195 0. 548879 0. 195 0. 549438 0. 195 0. 549265 
5. 0 0. 55 0. 198 0. 545130 0. 198 0. 545674 0. 198 0. 545501 
5. 0 0. 50 0. 228 0. 509247 0. 228 0. 509632 0. 228 0. 509458 
5. 0 0. 50 0. 231 0. 505810 0. 231 0. 506178 0. 231 0. 506004 
5. 0 0. 50 0. 234 0. 502398 0. 234 0. 502751 0. 234 0. 502576 
5. 0 0. 50 0. 237 0. 499012 0. 237 0. 499349 0. 237 0. 499174 
5. 0 0. 50 0. 240 0. 495651 0. 240 0. 495972 0. 240 0. 495797 
5. 0 0. 45 0. 276 0. 457181 0.  273 Oo 460405 0. 276 0. 457134 
5. 0 0. 45 0. 279 0. 454123 0. 276 0. 457309 0. 279 0. 454060 
5. 0 0. 45 0. 282 0. 451086 0. 279 0. 454234 0. 282 0. 451007 
5. 0 0. 45 0. 285 0. 448070 0. 282 0. 451182 0. 285 0. 447976 
5. 0 0. 45 0. 288 0. 445076 0. 285 0. 448150 0. 288 0. 444965 
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TABLE 9. (CONTINUED) 
L/D c T2 C2 T3 C3 T4 C4 
5. 0 0. 40 0. 327 0. 407992 0. 330 0. 405118 0. 327 0. 407678 
5. 0 0. 40 0. 330 0.  405275 0. 333 0. 402405 0.  330 0. 404946 
5. 0 0. 40 0. 333 0. 402577 0. 336 0. 399709 G * 333 0. 402232 
5. 0 0. 40 0, 336 0. 399397 0. 339 0. 397032 0. 336 0. 399537 
5. 0 0. 40 0. 339 0. 397235 0. 342 0. 394374 0. 339 0. 396860 
7.  5 0. 80 0. 033 0. 820205 0. 033 0. 821170 0. 033 0. 821082 
7.  5 0. 80 0,  036 0. 811214 0. 036 0, 812160 0. 036 0. 812072 
7. 5 0. 80 0, 039 0. 802583 0. 039 0, 803511 0. 039 0. 803422 
7. 5 0. 80 0. 042 0. 794273 0. 042 0. 795182 0. 042 0. 795092 
7. 5 0. 80 0. 045 0. 786250 0. 045 0. 787140 0. 045 0. 787050 
7. 5 0. 75 0. 054 0. 763643 0. 054 0. 764480 0. 054 0. 764388 
7. 5 0. 75 0. 057 0. 756526 0. 057 0. 757347 0. 057 0. 757255 
7.  5 0. 75 0. 060 0. 749592 0. 060 0. 750397 0. 060 0. 750304 
7. 5 0. 75 0. 063 0. 742826 0. 063 0. 743616 0. 063 0. 743523 
7. 5 0. 75 0. 066 0. 736217 0. 066 0. 736992 0. 066 0. 736899 
7. 5 0. 70 0. 075 0. 717234 0. 078 0. 711881 0. 075 0. 717875 
7. 5 0. 70 0. 078 0. 711159 0. 081 0, 705909 0. 078 0. 711787 
7. 5 0. 70 0. 081 0. 705198 0. 084 0. 700045 0. 081 0. 705814 
7. 5 0. 70 0. 084 0. 699346 0. 087 0. 6942 84 0, 084 0. 699950 
7. 5 0. 70 0. 087 0. 693595 0. 090 0. 688620 0. 087 0. 694189 
7. 5 0. 65 0. 105 0. 660984 0. 105 0. 661612 0, 105 0. 661516 
7. 5 0. 65 0. 108 0. 655827 0. 108 0. 656445 0. 108 0. 656349 
7. 5 0. 65 0. 111 0. 650740 0. 111 0. 651350 0. ill 0. 651254 
7, 5 0. 65 0. 114 0. 645722 0. 114 0. 646323 0. 114 0. 646226 
7. 5 0. 65 0. 117 0. 640769 0. 117 0. 641361 0. 117 0. 641265 
7. 5 0. 60 0. 135 0. 612299 0. 135 0. 612840 0. 135 0. 612743 
7. 5 0. 60 0. 138 0. 607744 0. 138 0. 608276 0. 138 0. 608179 
7. 5 0. 60 0. 141 0. 603236 0, 141 0. 603763 0. 141 0. 603665 
7. 5 0. 60 0. 144 0. 598782 0. 144 0. 599297 0. 144 0. 599200 
7. 5 0. 60 0. 147 0. 594371 0. 147 0. 594879 0. 147 0. 594781 
7. 5 0. 55 0. 171 0. 560639 0, 171 0. 561076 0. 171 0. 560978 
7. 5 0. 55 0. 174 0. 556601 0. 174 0. 557029 0. 174 0. 556931 
7. 5 0. 55 0. 177 0. 552599 0. 177 0. 553018 0. 177 0. 552920 
7. 5 0. 55 0. 180 0. 548633 0. 180 0, 549043 0. 180 0. 548944 
7. 5 0. 55 0. 183 0. 544702 0. 183 0. 545102 0. 183 0. 545004 
7. 5 0. 50 0. 213 0. 507188 0. 216 0. 503897 0. 213 0. 507393 
7. 5 0. 50 0. 216 0. 503604 0. 219 0. 500331 0. 216 0. 503798 
7. 5 0. 50 0. 219 0. 500048 0. 222 0. 496794 0. 219 0. 500233 
7. 5 0. 50 0. 222 0. 496521 0. 225 0. 493284 0. 222 0. 496695 
7. 5 0. 50 0. 225 0. 493021 0, 228 0. 489801 0. 225 0. 493185 
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TABLE 9. (CONTINUED) 
L/D c T2 C2 T3 C3 T4 C4 
— 
— 
—— 
—  
• — — —  — 
— — —  
—  —  "  • '  —  
7. 5 0. 45 0. 255 0. 459474 0. 258 0. 456404 0. 255 0- 459534 
7. 5 0. 45 0. 258 0. 456257 0. 261 0. 453201 0. 258 0. 456306 
7. 5 0 .  45 0. 261 0. 453064 0. 264 0. 450021 0. 261 0. 453103 
7. 5 0. 45 0. 2 64 0. 449895 0. 267 0. 446864 0. 264 0. 449923 
7. 5 0. 45 0. 267 0. 446749 0. 270 0. 443731 0. 267 0. 446766 
7. 5 0. 40 0. 306 0. 407881 0. 306 0. 407860 0. 306 0. 407764 
7. 5 0. 40 0. 309 0. 405040 0. 309 0. 405009 0. 309 0. 404912 
7. 5 0. 40 0. 312 0. 402220 0. 312 0. 402178 0. 312 0. 402082 
7. 5 0. 40 0. 315 0. 399419 0. 315 0. 399368 0. 315 0. 399271 
7. 5 0. 40 0. 318 0. 396639 0. 318 0. 396577 0. 318 0. 396480 
10. 0 0. 80 0. 030 0. 821225 0. 030 0. 822188 0. 030 0. 822446 
10. 0 0. 80 0. 033 0. 811767 0. 033 0. 812701 0. 033 0. 812961 
10. 0 0. 80 0. 036 0. 802725 0. 036 0. 803633 0. 036 0. 803893 
10. 0 0. 80 0. 039 0. 794049 0. 039 0. 794931 0. 039 0. 795193 
10. 0 0 .  80 0. 042 0. 785697 0. 042 0. 786555 0. 042 0. 786818 
10. 0 0. 75 0. 048 0. 769835 0. 048 0. 770651 0. 048 0. 770916 
10. 0 0. 75 0. 051 0. 762273 0. 051 0. 763069 0. 051 0. 763335 
10. 0 0. 75 0. 054 0. 754928 0. 054 0. 755706 0. 054 0. 755973 
10. 0 0. 75 0. 057 0. 747783 0. 057 0. 748543 0. 057 0. 748811 
10. 0 0. 75 0. 060 0. 740822 0. 060 0. 741566 0. 060 0. 741834 
10. 0 0. 70 0. 072 0. 714567 0. 072 0. 715255 0. 072 0. 715525 
10. 0 0. 70 0. 075 0. 708351 0. 075 0. 709027 0. 075 0. 709297 
10. 0 0. 70 0. 078 0. 702257 0. 078 0. 702921 0. 078 0. 703192 
10. 0 0. 70 0. 081 0. 696278 0. 081 0. 696931 0. 081 0. 697203 
10. 0 0. 70 0. 084 0. 690409 0. 084 0. 691050 0. 084 0. 691322 
10. 0 0. 65 0. 099 0. 662510 0. 099 0. 663104 0. 099 0. 663378 
10, 0 0. 65 0. 102 0. 657189 0. 102 0. 657775 0. 102 0. 658049 
10. 0 0. 65 0. 105 0. 651946 0. 105 0. 652523 0. 105 0. 652797 
10. 0 c. 65 0. 108 0. 646776 0. 108 0. 647345 0. 108 0. 647620 
10. 0 0. 65 0. 111 0. 641678 0. 111 0. 642239 0. 111 0. 642514 
10. 0 0. 60 0. 129 0. 612442 0. 129 0. 612956 0. 129 0. 613233 
10. 0 0. 60 0. 132 0. 607774 0. 132 0. 608281 0. 132 0. 608557 
10. 0 0. 60 0. 135 0. 603159 0. 135 0. 603658 0. 135 0. 603935 
10. 0 0. 60 0. 138 0. 598596 0. 138 0. 599088 0. 138 0. 599364 
10. 0 0. 60 0. 141 0. 594083 0. 141 0. 59456? 0. 141 0. 594844 
10. 0 0. 55 0. 165 0. 559624 0. 165 0. 560045 0. 165 0. 560322 
10. 0 0. 55 0. 168 0. 555505 0. 168 0. 555917 0. 168 0. 556195 
10. 0 0. 55 0. 171 0. 551424 0. 171 0. 551829 0. 171 0. 552107 
10. 0 0. 55 0. 174 0. 547382 0. 174 0. 547778 0. 174 0. 548056 
10. 0 0. 55 0. 177 0. 5433 76 0. 177 0. 543763 0. 177 0. 544041 
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TABLE 9. (CONTINUED) 
L/D c T2 C2 T3 C3 T4 C4 
10. 0 0. 50 0. 204 0. 508871 0. 204 0. 509179 0. 204 0. 509457 
10. 0 0. 50 0. 207 0. 505198 0. 207 0. 505497 0. 207 0. 505775 
10. 0 0. 50 0. 210 0. 501555 0. 210 0. 501845 0. 210 0. 502123 
10. 0 0. 50 0. 213 0. 497942 0. 213 0. 498222 0. 213 0. 498500 
10. 0 0. 50 0. 216 0. 494358 0. 216 0. 494629 0. 216 0. 494907 
10. 0 c. 45 0. 249 0. 456757 0. 249 0. 456921 0. 249 0. 457198 
10. 0 0. 45 0. 252 0. 453495 0. 252 0. 453649 0. 252 0. 453926 
10. 0 c. 45 0. 255 0. 450258 0. 255 0. 450403 0. 255 0. 450679 
10. 0 0. 45 0. 258 0. 447045 0. 258 0. 447180 0. 258 0. 447457 
10. 0 0. 45 0. 261 0. 443857 0. 261 0. 443982 0. 261 0. 444258 
10. 0 0. 40 0. 297 0. 407400 0. 300 0. 404505 0. 297 0. 407682 
10. 0 0. 40 0. 300 0. 404505 0. 303 0. 401623 0. 300 0. 404778 
10. 0 0. 40 0. 303 0. 401632 0. 306 0. 398761 0. 303 0. 401895 
10. 0 0. 40 0. 306 0. 398780 0. 309 0. 395920 0. 306 0. 399033 
10. 0 0. 40 0. 309 0. 395948 0. 312 0. 393099 0. 309 0. 396191 
25. 0 0. 80 0. 024 0. 829228 0. 027 0. 819816 0. 027 0. 819751 
25. 0 0. 80 0. 027 0. 818684 0. 030 0. 809791 0. 030 0. 809726 
25. 0 0. 80 0. 030 0. 808706 0. 033 0. 800256 0. 033 0. 800191 
25. 0 0. 80 0. 033 0. 799212 0. 036 0. 791146 0. 036 0. 791080 
25. 0 0. 80 0. 036 0. 790137 0. 039 0. 782407 0. 039 0. 782341 
25. 0 0. 75 0. 042 0. 773050 0. 045 0. 765884 0. 045 0. 765818 
25. 0 0. 75 0. 045 0. 764963 0. 048 0. 758036 0. 048 0. 757970 
25. 0 0. 75 0. 048 0. 757139 0. 051 0. 750430 0. 051 0. 750364 
25. 0 0. 75 0. 051 0. 749555 0. 054 0. 743044 0. 054 0. 742978 
25. 0 0. 75 0. 054 0. 742190 0. 057 0. 735861 0. 057 0. 735795 
25. 0 0. 70 0. 066 0. 714593 0. 066 0. 715377 0. 066 0. 715311 
25. 0 0. 70 0. 069 0. 708094 0. 069 0. 708863 0. 069 0. 708797 
25. 0 0. 70 0. 072 0. 701735 0. 072 0. 702489 0. 072 0. 702423 
25. 0 0. 70 0. 075 0. 695507 0. 075 0. 696247 0. 075 0. 696181 
25. 0 0. 70 0. 078 0. 689402 0. 078 0. 690128 0. 078 0. 690062 
25. 0 0. 65 0. 090 0. 666080 0. 093 0. 661163 0. 093 0. 661097 
25. 0 0. 65 0. 093 0. 660497 0. 096 0. 655658 0. 096 0. 655592 
25. 0 0. 65 0. 096 0. 655003 0. 099 0. 650239 0. 099 0. 650172 
25. 0 0. 65 0. 099 0. 649594 0. 102 0. 644901 0. 102 0. 644834 
25. 0 0. 65 0. 102 0. 644267 0. 105 0. 639641 0. 105 0. 639575 
25. 0 0. 60 0. 120 0. 613831 0. 123 0. 609552 0. 120 0. 614339 
25. 0 0. 60 0. 123 0. 608988 0. 126 0. 604759 0. 123 0. 609486 
25. 0 0. 60 0. 126 0. 604204 0. 129 0. 600023 0. 126 0. 604692 
25. 0 0. 60 0. 129 0. 599477 0. 132 0. 595342 0. 129 0. 599956 
25. 0 0. 60 0. 132 0. 594805 0. 135 0. 590715 0. 132 0. 595275 
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TABLE 9, (CONTINUED) 
L/D c T2 C2 T3 C3 T4 C4 
25. 0 0. 55 0. 156 0. 559236 0. 159 0. 555447 0. 156 0. 559631 
25. 0 0. 55 0. 159 0. 554995 0. 162 0. 551238 0. 159 0. 555381 
25. 0 0. 55 0. 162 0. 550796 0. 165 0. 547070 0. 162 0. 551172 
25. 0 0. 55 0. 165 0. 546637 0. 168 0. 542942 0. 165 0. 547004 
25. 0 0. 55 0. 168 0. 542518 0. 171 0. 538852 0. 168 0. 542875 
25. 0 0, 50 0. 192 0. 510900 0. 195 0. 507440 0. 192 0. 511180 
25. 0 0. 50 0. 195 0. 507103 0. 198 0. 503667 0. 195 0. 507374 
25. 0 0. 50 0. 198 0. 503340 0. 201 0. 499926 0. 198 0. 503601 
25. 0 0. 50 0. 201 0. 4996 08 0. 204 0. 496216 0. 201 0. 499859 
25. 0 0. 50 0. 204 0. 495908 0. 207 0. 492537 0. 204 0. 496149 
25. 0 0. 45 0. 237 0. 457158 0. 237 0. 457358 0. 237 0. 457292 
25. 0 0. 45 0. 240 0. 453803 0. 240 0. 453993 0. 240 0. 453927 
25. 0 0. 45 0. 243 0. 450473 0. 243 0. 450653 0. 243 0. 450588 
25. 0 0. 45 0. 246 0. 447170 0. 246 0. 447340 0. 246 0. 447275 
25. 0 0. 45 0. 249 0. 443892 0. 249 0. 4440 53 0. 249 0. 443987 
25. 0 0. 40 0. 285 0. 406470 0. 285 0. 406516 0. 285 0. 406451 
25. 0 0. 40 0. 288 0. 403503 0. 288 0. 403540 0. 288 0. 403475 
25. 0 0. 40 0. 291 0. 400558 0. 291 0. 400586 0. 291 0. 400521 
25. 0 0. 40 0. 294 0. 397636 0. 294 0. 397654 0. 294 0. 397590 
25. 0 0. 40 0. 297 0. 394735 0. 297 0. 394744 0. 297 0. 394680 
50. 0 0. 80 0. 027 0. 815420 0. 024 0. 827152 0. 024 0. 827162 
50. 0 0. 80 0. 030 0. 805450 0. 027 0. 816549 0. 027 0. 816559 
50. 0 0. 80 0. 033 0. 795962 0. 030 0. 806521 0. 030 0. 806530 
50. 0 0. 80 0. 036 0. 786893 0. 033 0. 796982 0. 033 0. 796991 
50. 0 0. 80 0. 039 0. 778191 0. 036 0. 787868 0. 036 0. 787877 
50. 0 0. 75 0. 042 0. 769816 0. 042 0. 770715 0. 042 0. 770724 
50. 0 0. 75 0. 045 0. 761732 0. 045 0. 762599 0. 045 0. 762608 
50. 0 c.  75 0. 048 0. 753911 0. 048 0. 754749 0. 048 0. 754758 
50. 0 0. 75 0. 051 0. 746330 0. 051 0. 747141 0. 051 0. 747150 
50. 0 0. 75 0. 054 0. 738967 0. 054 0. 739753 0. 054 0. 739763 
50. 0 0. 70 0. 063 0. 718023 0. 063 0. 718745 0. 063 0. 718754 
50. 0 0. 70 0. 066 0. 711376 0. 066 0. 712080 0. 066 0. 712089 
50. 0 0. 70 0. 069 0. 704879 0. 069 0. 705565 0. 069 0, 705575 
50. 0 0. 70 0. 072 0. 698520 0. 072 0. 699190 0. 072 0. 699200 
50. 0 0. 70 0. 075 0. 6922 93 0. 075 0. 692947 0. 075 0. 692957 
50. 0 0. 65 0. 093 0. 657282 0. 093 0. 657858 0. 090 0. 663463 
50. 0 0. 65 0. 096 0. 651788 0. 096 0. 652352 0. 093 0. 657868 
50. 0 0. 65 0. 099 0. 6463 79 0. 099 0. 646932 0. 096 0. 652362 
50. 0 0. 65 0. 102 0. 641051 0. 102 0. 641594 0. 099 0. 646942 
50. 0 0. 65 0. 105 0. 635800 0. 105 0. 636333 0. 102 0. 641603 
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TABLE 9. (CONTINUED) 
L/D c T2 C2 T3 03 T4 04 
50 .0 0 .60 0. 120 0. 610610 0 .120 0 .611095 0 .120 0 .611105 
50 .0 0 .60 0. 123 0. 605766 0 .123 0 .606242 0 .123 0 .606252 
50 .0 0 .60 0. 126 0. 600980 0 .126 0 .601448 0 .126 0 ,601458 
50 .0 0 .60 0. 129 0. 596253 0 .129 0 .596712 0 .129 0 .596721 
50 .0 0 .60 0. 132 0. 591580 0 .132 0 .592030 0 .132 0 .592040 
50 ,0 0 .55 0. 153 0. 560288 0 .156 0 .556387 0 .153 0 .560689 
50 .0 0 .55 0. 156 0. 5560 03 0 .159 0 .552136 0 .156 0 .556396 
50 ,0 0 .55 0. 159 0. 551761 0 .  162 0 .547928 0 .159 0 .552146 
50 .0 0 .55 0. 162 0. 547561 0 .165 0 .543760 0 .  162 0 .547937 
50 ,0 0 .55 0. 165 0. 543401 0 .168 0 .539632 0 .165 0 .543769 
50 .0 0 .50 0. 192 0. 507659 0 .192 0 .507943 0 .192 0 .507953 
50 .0 0 .50 0. 195 0. 503863 0 .195 0 .504138 0 .195 0 .504148 
50 .0 0 .50 0. 198 0. 500099 0 .198 0 .500366 0 .198 0 .500376 
50 .0 0 .50 0. 201 0. 496367 0 .201 0 .496626 0 .201 0 .496636 
50 .0 0 .50 0. 204 0. 492667 0 .204 0 .492918 0 .204 0 .492927 
50 .0 0 .45 0. 234 0. 457304 0 .234 0 .457472 0 .234 0 .457482 
50 .0 0 .45 0. 237 0. 453922 0 .237 0 .454083 0 .237 0 .454092 
50 .0 0 .45 0. 240 0. 450567 0 .240 0 .450720 0 .240 0 .450729 
50 .0 0 .45 0. 243 0. 447239 0 .243 0 .447384 0 .243 0 .447393 
50 .0 0 .45 0. 246 0. 443937 0 .246 0 .444073 0 .246 0 .444083 
50 .0 0 .40 0. 282 0. 406246 0 .282 0 .406290 0 .282 0 .406299 
50 .0 0 .40 0. 285 0. 4032 59 0 .285 0 .403295 0 .285 0 .403304 
50 .0 0 .40 0. 288 0. 400294 0 .288 0 .400323 0 .288 0 .400332 
50 .0 0 .40 0. 291 0. 397352 0 .291 0 .397373 0 .291 0 .397383 
50 .0 0 .40 0. 294 0. 394432 0 .294 0 .394446 0 .294 0 .394455 
